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Abstract
AIM: To analyze the cost-effectiveness of the diagnosis of solitary pulmonary nodule (SPN) in China. 

METHODS: Decision analysis models were constructed to assess the cost-effectiveness of four strategies for the management of SPN: computed tomography (CT) alone, CT plus CT-guided automated cutting needle biopsy (ACNB), CT plus positron emission tomography/computed tomography (PET/CT), CT plus diffusion-weighted magnetic resonance imaging (DWI) plus PET/CT. 

RESULTS: The prevalence of lung cancer among SPN discovered in the clinical setting was approximately 50%. The CT plus ACNB strategy had higher diagnostic accuracies (87% vs 81%), with a cost saving of ￥1945 RMB per patient, and reducing unnecessary thoracotomy by 16.5%; this was associated with a 4.5% missed diagnosis rate. CT plus DWI plus PET/CT strategy also had higher accuracies (95% vs 81%), with a cost saving of ￥590 RMB per patient, and reducing unnecessary thoracotomy by 13.5%; this was accompanied by 0.3% missed diagnosis rate. CT plus PET strategy is cost effective at a prevalence rate of 0-34%, but there was a larger prevalence range of lung cancer for CT plus ACNB strategy (from 0 to 0.6) and CT plus DWI plus PET/CT strategy(from 0 to 0.64). 

CONCLUSION: CT plus DWI plus PET/CT strategy was cost-effective, and had a higher accuracy accompanied by a lower missed diagnosis rate than CT plus ACNB strategy.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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INTRODUCTION
Lung cancer has become the leading cause of cancer deaths in China because the incidence and mortality are rapidly increasing. Although earlier detection of peripheral lung cancer may reduce the mortality rate, population-based screening using plain chest radiography has been not carried out in China. Therefore, most solitary pulmonary nodules (SPN), which are usually discovered in the clinical setting on hospital in China, have a higher malignant prevalence[1,2]. It has become a major concern how to manage SPN discovered in the clinical setting with low cost and high accuracy and reduce the morbidity and mortality associated with radiation, biopsy, and surgical procedures.

However, up to now there has not been an analysis of cost-effectiveness of various strategies for the diagnosis and management of SPN in China. Recent studies in other countries may not hold true in a Chinese hospital because of differences in health-care systems and diagnostic strategy[3-7]. The cost of surgery is not obviously higher than that of automated cutting needle biopsy (ACNB, six times) and positron emission tomography/computed tomography (PET/CT, three times) in China. But in the United States, Japan and European countries the cost of surgery was twenty times as much as that of biopsy and PET/CT. Because of high cost, PET/CT has not gained widespread popularity in most areas of China. A recent study showed that diffusion-weighted magnetic resonance imaging (DWI) may be able to be used in place of PET/CT for discriminating malignant from benign pulmonary nodules and is associated with significantly less false positives and lower costs than PET/CT[8]. Furthermore, in general, physicians in Chinese hospitals do not perform thoracoscopy with local anesthesia in patients who have or are suspected of having lung cancer.

According to the upper analysis, it is necessary to borrow previous study methods to evaluate the role of CT, ACNB, DWI, and PET/CT in the investigation of SPN which are discovered in the clinical setting in hospital in China. We used decision-tree analysis models and compared four strategies to understand under what conditions various strategies should be cost-effective and have high diagnostic accuracy.

MATERIALS AND METHODS 

In the current study, we have defined SPN as spherical intrapulmonary x-ray densities less than 4.0 cm in diameter with no calcium visible on a standard chest X-ray. There is no associated atelectasis, hilar enlargement, or pleural effusion. We do not include patients with any evidence of metastasis or a recent primary malignancy outside of the chest. We also exclude cases that have previous radiographs that have already established the stability of the rate of growth of the nodule. Multiple nodules are also not considered in the current analysis.

The analysis for cost-effectiveness was performed using quantitative methods of decision analysis. Decision-tree models were constructed with multiple competing strategies, and reported values of prior probability of cancer, and sensitivity and specificity of each diagnostic modality were applied to them using Chinese health care costs. The average cost per patient for each strategy, including all diagnostic tests and surgery when undertaken, was calculated. The medical literature was surveyed to obtain the performance of each diagnostic test. For the calculations, Decision Analysis Add-In for Microsoft Excel (Version1.0.6, Palisade Corporation) was used. The decision tree was constructed using the choices and potential outcomes of the choices. All conditional probabilities of each outcome in the tree were calculated and obtained as a function of the variables listed in Tables 1 and 2 by using Bayesian analysis, Calculation Methods:

Where P = prevalence, S = sensitivity, and Sp = specificity.

Calculations of overall cost of competing strategies were calculated by summing the products of the probabilities and values of the outcome of each strategy. Overall costs per patient in each strategy can be calculated automatically by the software and listed under “chance” in Figure 1. Accuracies (A) of each diagnosis method in each strategy were calculated by formula: 

A = (S - Sp)P + Sp

False positive (FP), false negatives (FN), true positive (TP) and true negatives (TN) of each diagnosis method in each strategy were calculated by the formula: 

FP = 1/{[(Sp-A)S/(1-Sp)(A-S)]+1}

FP = 1/{[(S-A)Sp/(1-S)(A-Sp)]+1}

Overall accuracies of each strategy were calculated by summing the products of the probabilities of the outcome of each strategy and TP plus TN in each strategy; The overall misdiagnosis rate of each strategy was calculated by summing the products of the probabilities of the outcome of each strategy and FP in each strategy; the overall missed diagnosis rate of each strategy was calculated by summing the products of the probabilities of the outcome of each strategy and FN in each strategy.

Cost-effectiveness was expressed as the incremental cost-accuracy ratio (ICAR) where:

ICAR = (Coststrat-Costbl/(Accuracystrat-Accuracybl) (RMB/%)[9].

Coststrat and Accuracystrat are the average cost per patient and accuracy of the strategy being compared, and Costbl and Accuracybl are the cost per patient and accuracy of a baseline strategy, which was the CT alone strategy in this study. A negative ICAR resulting from a negative numerator and positive denominator indicates that the strategy being compared is clearly preferred. In the case of a positive ICAR, a criterion must be chosen that gives the acceptable cost to get a higher accuracy.

Decision-tree analysis models

We compared four strategies for the management of SPN (Figure 1): (1) CT alone strategy (baseline), (2) CT plus PET/CT strategy, (3) CT plus ACNB strategy, and (4) a CT-plus-DWI plus PET/CT strategy.

In these strategies, all patients initially undergo a chest CT examination without contrast enhancement. If an initial CT diagnosis of benign pulmonary nodule is made or no SPN is demonstrated on CT, the patients are followed up using an unenhanced chest CT. When follow-up CT shows the growth of the SPN, the diagnosis of lung cancer is made: (1) CT alone strategy: The CT alone strategy simulates a simple diagnostic approach to the management of patients with SPN. In this strategy, all patients, in whom SPN is diagnosed as lung cancer on the initial chest CT, proceed to surgical resection without pathological confirmation; (2) CT plus PET strategy: In this strategy, all patients who are CT positive (i.e., an SPN is diagnosed as lung cancer) undergo chest PET-CT. If the PET/CT is then also positive, the patients proceed to surgical resection. If a chest PET/CT examination is negative after a positive CT examination, the patients are followed up by an unenhanced chest CT; (3) CT plus ACNB strategy: If the initial CT is positive, it is followed directly by ACNB. If the biopsy is then also positive, patient undergo surgical resection. If ACNB is negative, the patients are followed up by an unenhanced chest CT; (4) CT plus DWI plus PET/CT strategy: In this strategy, all patients who are CT positive undergo a chest CT plus DWI strategy. If the CT plus DWI strategy is then also positive, the patients proceed to surgical resection. If a chest a CT plus DWI strategy examination is negative after a positive CT examination, the patients are given an extra CT-plus-PET strategy above-mentioned.
Prevalence of cancer and diagnostic performance (sensitivity and specificity)

Although there were no large sample statistics for epidemiology, some small sample studies and our experience indicated the prevalence of lung cancer among SPN was approximately 50% in China[1,2]. Therefore, we applied this value (50%) to the decision-tree analyses.

The diagnostic performance (sensitivity and specificity) of each diagnostic test are gleaned from the literature and entered into the models (Table 1). Although multi-slice spiral CT is taking the place of conventional thin slice CT gradually, the diagnostic performance of multi-slice spiral CT on SPN still lack of large sample statistics. Tsubamoto et al[10] reported that accuracy of the final diagnosis based on coronal multi-planar reconstruction of with a multi-detector-row CT scanner (74%) was almost equal to that based on transverse thin-section CT (71%) (P = 0.3) for the evaluation of solitary pulmonary nodules. As a result, we still used CT sensitivity of 99% and specificity of 63% in the largest series published by Siegelman et al[11], their study included 634 nodules, using conventional thin slice CT. From many published reports of PET/CT imaging of SPN, we adopted the results of Yi et al[12] and Kim et al[13]. We applied PET/CT sensitivity of 97% and specificity of 85% to the decision-tree analyses. The diagnostic accuracy of CT-guided transthoracic ACNB has been reported based on comparisons with fine-needle aspiration biopsy. In China, ACNB has been often used by physicians, usually without combining the use of a long-throw biopsy needle, higher mean number of needle passes, and tandem system like Satoh et al[14]; as a result we selected ACNB sensitivity of 76.9% and specificity of 93.6% by Tsukada et al[15]. Although serial CT is probably the most common follow-up methodology to be adopted in the practice, there is little data on the utility of follow-up chest CT for the diagnosis of SPN. Takashima et al[16] reported the sensitivity of 0.56 and specificity of 0.95, when the nodule showing an increase of 0.5 mm or more in the maximum or perpendicular diameter or both on high-resolution CT images was diagnosed as a lung cancer. We applied these values to our analysis. There is a few data on the utility of DWI for the diagnosis of SPN. The study by Mori et al[8] reported the sensitivity of 0.70 and specificity of 0.97, which is similar to our unpublished results, we applied these values to our analysis.

Cost of each medical procedure

The mean costs of diagnostic tests and thoracotomy in China are shown in Table 2. The cost of thoracotomy in RMB was based on the bills in our hospital during 2009 (n = 20). The costs of diagnostic examinations include the costs of diagnostic procedure and radiological or/and pathological interpretations based on the data of the Harbin Price Bureau (These costs are uniform in China according to the Ministry of Public Health of the People’s Republic of China). In China, patients undergoing ACNB do not stay overnight in a hospital. Although major complications are rare, pneumothorax is the most common complication after ACNB with a reported rate of 22%-54%[14,17,18]. According to our study, chest tube placement was not necessary for the incidence of pneumothorax. A central venous catheter attached to a negative pressure aspirator was used for the treatment of pneumothorax in our hospital. The costs of possible treatment of pneumothorax were included in the cost of CT-guided needle biopsy.

Statistical analysis

The decision tree methodology can be extended by performing sensitivity analysis to determine the conditions under which the new test remains cost-effective. This was achieved by entering different values for the disease prevalence (0-100%) into the decision-tree models. Although the costs of medical procedures will clearly vary among countries, within China these costs are fixed and therefore need not constitute a variable in the sensitivity analysis.

RESULTS

The prevalence of lung cancer among SPN discovered in hospital in the clinical setting was approximately 50%. In this prevalence, the strategies using CT plus ACNB and CT plus DWI plus PET/CT were the cost-effective alternatives to the CT alone strategy. The CT plus ACNB strategy had higher accuracies (87% vs 81%), with a cost saving of ￥1945 RMB per patient, and reduced the number of candidates who underwent unnecessary thoracotomy for a benign SPN by 16.5%; this was accompanied by a rate of missed diagnosis of 4.5%. The strategies using CT plus DWI plus PET/CT had also higher accuracies (95% vs 81%), with a cost saving of ￥590 RMB per patient, and reduced unnecessary thoracotomy by 13.5%; this was accompanied by a rate of missed diagnosis of 0.3% (Table 3, Figure 2).

At a prevalence of cancer up to 34%, CT plus PET strategy is cost effective with a higher accuracy than CT alone strategy. But CT plus ACNB strategy and CT plus DWI plus PET/CT strategy had a better cost-effectiveness over a larger prevalence of lung cancer, ranging from 0 to 0.60 (CT plus ACNB) and from 0 to 0.63 (CT plus DWI plus PET/CT).

The total costs per patient were increased regardless of the strategies, and the difference among the strategies became small (Figure 3). By reducing the number of the candidates who undergo unnecessary thoracotomy for a benign SPN (Figure 2), CT plus ACNB strategy and CT plus DWI plus PET/CT strategy decreased the total costs per patients. The total costs per patient of CT plus DWI plus PET/CT strategy were reduced not only by reducing unnecessary thoracotomy by 13.5%, but also by giving 44% of the candidates a chance to avoid undergoing expensive PET/CT, meanwhile, the overall accuracy of the CT plus DWI plus PET/CT strategy was not lower than that of CT plus PET strategy (Figure 4).

ICAR of the strategies using CT plus ACNB and CT plus DWI plus PET/CT were negative values with higher accuracies, clearly representing cost-effectiveness compared to the CT alone strategy (Figure 5). Although CT plus ACNB strategy is more cost saving, CT plus DWI plus PET/CT strategy has a lower rate of missed diagnosis (Figure 2) and a higher overall accuracy (Figure 4).

Figure 5 plots the prevalence of cancer versus ICAR. Since the CT alone strategy had a higher cost at the prevalence of cancer between 0 and 64% (Figure 3), in our analysis, a negative ICAR means that CT plus ACNB strategy and CT plus DWI plus PET/CT strategy have lower costs with higher accuracies. At the prevalence of cancer up to 34%, all strategies were cost-effective.

DISCUSSION

From the analyses performed here, adding ACNB, DWI, or PET/CT is advantageous in terms of greater accuracy and cost-effectiveness. The results of our sensitivity analyses showed that CT plus ACNB strategy and CT plus DWI plus PET/CT strategy have a wide range of prevalence of cancer, and CT alone strategy becomes more cost-effective only when the prevalence of cancer exceeds approximately 65%.

In the study, we assumed that SPN evaluated were discovered in the clinical setting in hospital. In our daily clinical setting, the prevalence of lung cancer among SPN was approximately 50%, far higher than those detected on lung cancer screening. For SPN discovered in the lung cancer screening, for a lower prevalence (approximately 10%), reducing false-positives to avoid more morbidity, mortality and increased costs for unnecessary thoracotomy is of importance; but for SPN discovered in the clinical setting in hospital, with a very high pretest probability, avoiding a missed diagnosis for false-negatives is as important as decreasing the misdiagnosis rate and reducing the cost. In the current study, CT plus ACNB strategy had a more cost saving and lower misdiagnosis rate, but also accompanied by higher rate of missed diagnosis up to 4.5%. The strategies using CT plus DWI plus PET/CT had higher accuracies (95% vs 81%), accompanied by a lower rate of missed diagnosis of 0.3%. This means there is an increase in life expectancy for decreasing rate of missed diagnosis.

The current analysis implies that the use of CT plus ACNB strategy or CT plus DWI plus PET/CT strategy can provide an advantage of a lower cost with higher accuracy. In the prevalence of cancer of 50%, the CT plus DWI plus PET/CT strategy is the optimal choice. In the United States, Japan and European countries the cost of surgery was twenty times as much as that of PET/CT. But in China the cost of surgery is only three times as much as that of PET/CT. Therefore, by reducing the number of the candidates who undergo unnecessary thoracotomy for a benign SPN, CT plus PET/CT strategy only decreased limited total costs per patients, which was hard to compensate for expensive cost of PET/CT, especially when the prevalence of lung cancer was up to 34%. A recent study showed that DWI may be able to be used in place of PET/CT for discriminating malignant from benign pulmonary nodules and is associated with significantly less false positive and lower cost than PET/CT[8]. In our unpublished study, a false-positive of DWI for SPN was only 3.5%. We assumed that most malignant SPN first could be identified by undergoing DWI previous to PET/CT, then negative nodules were added to PET/CT examination at a relatively low prevalence of lung cancer. The current study showed that the CT plus DWI plus PET/CT strategy decreased the total costs per patients not only by reducing unnecessary thoracotomy by 13.5%, but also by giving 44% of the candidates a chance to avoid undergoing expensive PET/CT; meanwhile, overall accuracies of CT plus DWI plus PET/CT strategy was not significantly lower than that of CT plus PET strategy.

ICAR of CT plus ACNB strategy are lower than that of the CT plus DWI plus PET/CT strategy, suggesting better cost-effectiveness of ACNB for SPN diagnosis, but we considered CT plus ACNB strategy is not an optimal option for the evaluation of SPN according to the analysis of current results. Most importantly, overall accuracies of CT plus ACNB strategy decreased gradually with the prevalence of lung cancer increasing, and was similar to that of CT alone strategy at a prevalence of lung cancer up to 50%. With the accompaniment of this, CT plus ACNB strategy had a rate of missed diagnosis of 4.5% for the evaluation of SPN, which was significantly higher than 0.3% of CT plus DWI plus PET/CT strategy. The high rate of missed diagnosis will inevitably reduce life expectancy. Secondly, unlike those discovered by screening chest radiography, most SPN discovered in the clinical setting in hospital are usually larger than 1 cm in diameter and with a high pretest probability. For such a large SPN, PET/CT has a higher negative predictive value and a lower rate of missed diagnosis; if this is accompanied with DWI with a higher positive predictive value and lower misdiagnosis rate, there will be an increase in cost-effectiveness. Our results underscored the point. In addition, although major complications are rare, pneumothorax is the most common complication with a reported rate of 22%-54% with ACNB[14,17,18]. A central venous catheter attached to negative pressure aspirator was used for the treatment of pneumothorax in our hospital. These invasions not only increased medical costs, but also caused some physical or mental injuries.

The current study is entirely a statistical simulation, and individual variation should and will inevitably occur in real medical practice. Therefore, the utility of a decision tree analysis must always be limited. Patient preferences and concerns must be considered when determining how to manage an individual patient. Although, according to this analysis, the CT plus DWI plus PET strategy was the optimal choice, the selection of strategy depends not only on the cost-effectiveness, but also on variable patient factors and accessibility to the modalities. Risk-taking attitudes of the patient and physician will also influence the choice of testing strategies. Because PET/CT is not yet widely available in China, with a difficulty in accessing it for many patients, CT alone strategy often is used for discrimination between malignant and benign SPN. Because of a high prevalence of lung cancer among SPN discovered in hospital in China, especially with a pretest probability up to 64%, in terms of ICAR in Figure 5 CT alone strategy is cost-effective. Between a prevalence of 80%-100%, CT plus ACNB is also cost-effective (Figure 5), but is often not used because of a rather low accuracy (Figure 4).

There were some limits to our study. First, SPN which are diagnosed as lung cancer were assumed to require surgery regardless of cancer staging. However, many factors interact to determine the needs of further examinations of the lung lesions and its resectability, including not only tumor staging, but also performance status and cardiopulmonary status. These factors were not traced in the models. Secondly, because of the lack of large sample study in China, the diagnostic performance (sensitivity and specificity) of each diagnostic test was gleaned from the literature which were published in the United States, Japan and European countries. We used those that were similar to results of a small sample study in China.

In conclusion, the introduction of CT plus DWI plus PET/CT strategy for the evaluation of SPN, which are discovered on chest radiography in the clinical setting, is potentially cost-effective in China with higher accuracy, over a large prevalence of cancer. When the prevalence of cancer rises up to 65%, the introduction of CT alone strategy for the evaluation of SPN is potentially cost-effective.

COMMENTS

Background

It has become a major concern about how to reduce the mortality rate of lung cancer, for it has become the leading cause of cancer deaths in China because the incidence and mortality are rapidly increasing. Although the authors have noted earlier detection of peripheral lung cancer, population-based screening using plain chest radiograph has been not carried out in China. Therefore, most solitary pulmonary nodules, which are usually discovered in the clinical setting in hospital in China, have a higher malignant prevalence. 

Research frontiers

Recent studies in other countries may not work for the Chinese hospital setting because of differences in health-care systems and diagnostic strategy. The cost of surgery is not obviously higher than that of automated cutting needle biopsy (ACNB, six times) and positron emission tomography/computed tomography (PET/CT, three times) in China. But in the United States, Japan and European countries the cost of surgery was twenty times as much as that of biopsy and PET/CT. Because of expensive cost, PET/CT has not gained widespread popularity in most areas of China. A recent study showed that diffusion-weighted magnetic resonance imaging (DWI) may be able to be used in place of PET/CT for discriminating malignant from benign pulmonary nodules and is associated with significantly less false positives and lower cost than PET/CT.

Innovations and breakthroughs

Up to now there has not been an analysis of cost-effectiveness of various strategies for the diagnosis of solitary pulmonary nodule (SPN) in China. Through the four strategies for the management of SPN: CT alone, CT plus CT-guided ACNB, CT plus PET/CT, CT plus DWI plus PET/CT, we analyzed the cost-effectiveness and chose CT plus DWI plus PET/CT strategy as an optimal option for the evaluation of SPN in China, because this strategy was not only cost-effective, but also had a higher accuracy accompanied by a lower missed diagnosis rate than CT plus ACNB strategy.

Applications

According to this analysis, the CT plus DWI plus PET strategy was the optimal choice, which can be applied on chest radiograph in the clinical setting, having potential cost-effectiveness in China with higher accuracy, over a large prevalence of cancer.

Terminology
SPN is the round or oval opaque areas of solitary pulmonary with the diameter < 3 cm performed on the X-line. The standards of the diagnosis of lung cancer by CT: there is a blood supply in the malignant tumor, while the benign tumor has lower or no blood supply; the malignant tumor has an irregular shape and sublobe with burrs on the edge.

Peer review

In the manuscript Lu et al present the results of an analysis of cost-effectiveness of various strategies for the diagnosis of SPN in China. They have assessed the cost-effectiveness of four strategies for the management of SPN: CT alone, CT plus CT-guided ACNB, CT plus PET/CT, CT plus DWI plus PET/CT. The English of the text is of high quality, clear and easy to follow. The tables and the figures are clear and self explanatory. The statistical approach meets the current standards. 
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Figure 1  Strategies for the management of solitary pulmonary nodule. A: CT alone strategy (base line); B: CT plus CT-guided needle biopsy strategy; C: CT plus DWI plus PET strategy; D: CT plus PET strategy. PET: Positron emission tomography; CT: Computed tomography; DWI: Diffusion-weighted magnetic resonance imaging.
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Figure 2  Ratio of the patients who undergo unnecessary surgery for a benign solitary pulmonary nodule and in whom lung cancer is misdiagnosed as a benign nodule. The strategies using CT + DWI + PET and CT + ACNB dramatically decrease the ratio of the patients who undergo unnecessary surgery for a benign SPN, although the ratio of cancer which is missed at diagnosis is increased. PET: Positron emission tomography; CT: Computed tomography; DWI: Diffusion-weighted magnetic resonance imaging; SPN: Solitary pulmonary nodule; ACNB: Automated cutting needle biopsy.
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Figure 3  Correlation between the prevalence of cancer and total costs per patient. The total costs per patients were increased regardless of the strategies and the difference among the strategies became small, although the CT+PET alone strategy had the highest cost at the prevalence of 50%. PET: Positron emission tomography; CT: Computed tomography.
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Figure 4  Correlation between the prevalence of cancer and the overall accuracy. The use of CT+PET or CT+DWI+PET resulted in a higher accuracy between the prevalence of 20%-90% compared to CT alone strategy and CT+Biopsy. PET: Positron emission tomography; CT: Computed tomography; DWI: Diffusion-weighted magnetic resonance imaging.
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Figure 5  Incremental cost-accuracy ratio compared with computed tomography alone strategy as the baseline. A negative ICAR means cost-effectiveness. At the prevalence of cancer up to 34%, all strategies being compared are cost effective; in particular, the CT plus PET plus DWI strategy is cost-effective at the prevalence up to 63%. ICAR: Incremental cost-accuracy ratio; PET: Positron emission tomography; CT: Computed tomography; DWI: Diffusion-weighted magnetic resonance imaging.
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Table 3  Overall preoperative diagnostic accuracy, costs per patient and incremental cost-accuracy ratio in each strategy, when the prevalence of cancer is 50%


Strategy


�
Accuracy


�
Cost per patient


�
ICAR (RMB/%)


�
�
CT alone


�
0.81


�
14676


�
Baseline


�
�
CT + PET-CT


�
0.952


�
16164


�
8196


�
�
CT + ACNB


�
0.867


�
12731


�
-17583


�
�
CT + DWI + PET-CT


�
0.949


�
14086


�
-4247


�
�
PET: Positron emission tomography; CT: Computed tomography; DWI: Diffusion-weighted magnetic resonance imaging; ICAR: Incremental cost-accuracy ratio; ACNB: Automated cutting needle biopsy.











Table 2  Medical costs in China used in the decision-tree analyses


�
Cost (RMB)


�
�
Chest CT without contrast enhancement


�
￥360


�
�
PET-CT


�
￥6500


�
�
ACNB1


�
￥3000


�
�
CT-Follow: continuous three Chest CT


�
￥1080


�
�
DWI


�
￥585


�
�
Surgical resection of SPN


�
￥20000


�
�
1Including the costs of possible treatment of pneumothorax. PET: Positron emission tomography; CT: Computed tomography; DWI: Diffusion-weighted magnetic resonance imaging; SPN: Solitary pulmonary nodule; ACNB: Automated cutting needle biopsy.








Table 1  Performance parameters used in the decision-tree analyses


�
Sensitivity


�
Specificity


�
Ref.


�
�
Chest CT


�
0.99


�
0.63


�
[5]


�
�
PET-CT


�
0.97


�
0.85


�
[5]


�
�
ACNB


�
0.769


�
0.936


�
[5]


�
�
CT-Follow


�
0.56


�
0.95


�
[3]


�
�
DWI


�
0.7


�
0.97


�
[3]


�
�
PET: Positron emission tomography; CT: Computed tomography; DWI: Diffusion-weighted magnetic resonance imaging; ACNB: Automated cutting needle biopsy.








