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Objectives

The purpose of this study was to compare the diagnostic efficacy of PET/CT-aided CT-guided and routine CT-guided transthoracic needle biopsy for lung lesions.





Methods

A total of 458 patients with suspicious lung lesions were referred for CT-guided biopsy, with 227 patients assigned to the PET/CT group and 231 patients assigned to the CT group. The clinical characteristics and diagnostic yield were compared between the two groups. Furthermore, conducting subgroup analysis to evaluate the differences of diagnostic success or failure between the two groups.





Results

The sensitivity and diagnostic accuracy rate differed significantly (P = 0.035, P = 0.048). In the PET/CT group, the values were 95.7% and 96.3%, respectively, while in the CT group, they were 90.1% and 91.9%. When considering non-diagnostic cases, the overall diagnostic success rate increased markedly in PET/CT group (93.0% vs. 83.1%, P = 0.001). In our subgroup analysis, the PET/CT group demonstrated superiority in detecting lesions larger than 3 cm (OR, 4.81; 95CI%, 2.03 - 11.36), while showing a moderate effect in lesions smaller than 3 cm (OR, 1.09; 95CI%, 0.42 - 2.81). Significant effect modification was observed in large lesions in the PET/CT group (P for interaction = 0.023).





Conclusions

18F-FDG-PET/CT enhances the diagnostic efficacy of CT-guided transthoracic needle biopsy for lung lesions, and the incremental value can be modified by lesion size, particularly when the diameter is larger than 3 cm.
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1 Introduction

Lung cancer is a prevalent malignant disease worldwide, leading to high mortality rates and affecting a significant number of individuals (1). When a suspicious lung lesion is detected, effective tissue sampling plays a crucial role in diagnosing and planning treatments for various subtypes of lung cancer, particularly for immunohistochemical analysis, molecular biology investigations, and gene detection (2). Over the years, CT-guided transthoracic needle biopsy (TTNB) has established itself as a dependable and secure diagnostic procedure for suspicious lung lesions (3). However, diagnostic failures are sometimes encountered in lung lesions due to factors such as fibrosis, necrosis, atelectasis, or obstructive pneumonia (4, 5).

Positron emission tomography/computed tomography (PET/CT) is capable of investigating the metabolic features of lung lesions and differentiating hypermetabolic areas that reflect the real biological behavior of the entire lesion (6). This capability helps to reduce the risk of diagnostic failure. Recently, PET/CT has been increasingly utilized in clinical practice for CT-guided needle biopsy, with studies highlighting its role in guiding target selection, elevating diagnostic precision, and reducing the need for repeated biopsies (7, 8). Furthermore, PET/CT-guided TTNB contribute to obtaining higher-quality samples for subsequent immunohistochemical and molecular biology investigations (9, 10).

Despite this, it is important to note that PET/CT has a high diagnostic performance of sensitivity and positive predictive value in patients with pulmonary nodules, especially those classified as intermediate and high-risk based on the Brock model (11). Conversely, patients with low metabolic nodules, which are often associated with benign lesions, are more likely to avoid biopsy. Consequently, many contrast studies have exhibited selection bias, with higher rates of malignant lesions in the PET/CT group (7, 12), which may serve as a potential confounding factor. Additionally, a study indicated PET/CT only provided an incremental value of 40.7% in lung biopsy (13). Considering the cost-effective of PET/CT examination, it becomes evident that identifying the population best suited for PET/CT-aided in lung biopsy is necessary. Therefore, the objective of this study was to compare the diagnostic efficacy of PET/CT-aided CT-guided TTNB with routine CT-guided TTNB for lung lesions and conduct subgroup analysis to explore variations between the two groups.




2 Materials and methods



2.1 Patient selection

Between January 2020 and August 2022, a total of 458 patients were referred for CT-guided TTNB. All patients were categorized into two groups based on whether they had previous PET/CT scans: the PET/CT group and the CT group. Among these patients, 227 underwent 18F-FDG PET/CT scans prior to the procedure, while 231 did not. The inclusion criteria were as follows (1): suspicion of a malignant lung lesion (2); confirmation of the final clinical diagnosis through surgical resection or at least 12 months of follow-up (3); patients in the PET/CT group were required to undergo PET/CT scans within a week before TTNB (4); in each group, only the first biopsy was evaluated for patients who underwent biopsies more than once. The exclusion criteria were as follows (1): immediate treatment with radiofrequency ablation or radiation for lung lesions diagnosed as malignant by biopsy (2); absence of subsequent radiological examination within 12 months for lung lesions diagnosed as benign by biopsy (3); patients who either passed away or were lost to follow-up prior to the final diagnosis.




2.2 18F-FDG PET/CT imaging

The PET/CT scans were conducted using two dedicated diagnostic PET/CT devices: the uMI 510 unit and uMI 780 unit (United Imaging Healthcare, Shanghai, China). All PET/CT acquisitions were performed 40–60 minutes following intravenous injection of 3.5 MBq/kg of 18F-FDG after a fasting period of at least 6 hours. Integrated PET/CT images were corrected for scatter and attenuation based on CT information.




2.3 CT-guided biopsy

Prior to the biopsy, all patients received written informed consent. The international normalized ratio (INR) needed to be maintained below 1.5, and the minimum platelet counted maintained at 70000/μL. Impaired coagulation status and platelet counts needed to be corrected as much as possible if the above threshold are not met. Additionally, patients received instructions to discontinue anti-aggregant drugs 1-7 days before the procedure based on an individual risk-benefit assessment of medication cessation (14). All the planning and localization CT scans were conducted using the same 16-detector-row scanner (Symbia Intevo, Siemens Healthcare). For patients who underwent 18F-FDG PET/CT, the target for biopsy was determined by two experienced nuclear medicine physicians based on the analysis of previous PET/CT images visually. For patients who did not undergo 18F-FDG PET/CT, the parenchyma of lesions was chosen as the target for biopsy. CT-guided TTNB were performed by 3 nuclear medicine specialists who were trained to perform image-guided biopsies. Light sedation was administered as a preference. Following standard sterilization procedures, BioPince™ full core biopsy instrument (18G, Argon medical devices, INC) and Co-Axial introducer needle (MCXS1810BP, Argon medical devices, INC) were used to perform the CT-guided biopsy, resulting in the acquisition of 1 to 6 specimens. After removing needle, manual compression was applied to the puncture site for 2-3 minutes, and performed CT scans for entire lung immediately to rule out the presence of possible complications. The patients were then observed for at least 2 hours following the procedure to ensure hemodynamic stability and monitor their respiratory condition.




2.4 Pathology results of biopsy

The biopsy diagnoses were categorized into three groups: malignant, benign, and non-diagnostic (when only normal tissue or necrosis was found, or when the specimens obtained were inadequate for a conclusive histopathological evaluation). The final diagnosis were categorized as malignant and benign lesions through surgical resection or at least 12 months of follow-up. If malignant disease was detected in both the biopsy diagnosis and the final diagnosis, the biopsy results were considered as true positive (TP). True negative (TN) was confirmed if benign disease was detected in both the biopsy diagnosis and the final diagnosis. False positive (FP) indicates that the biopsy diagnosis was malignant, but the final diagnosis was benign, whereas false negative (FN) means that the biopsy diagnosis was benign, but the final diagnosis was malignant.




2.5 Statistical analysis

Normality was assessed by the Shapiro-Wilk test. The normal distribution variables were expressed as mean ± standard deviation (SD), while non-normal metric variables were expressed as median and interquartile range (IQR). Independent-sample t-tests, Mann-Whitney U-test, and chi-square test were used to analyze differences in clinical characteristics between the two groups. Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and diagnostic accuracy rate were compared between the two groups by chi-square test. Further categorization was performed within each group, dividing them into two classes: the diagnostic success class (including TP and TN) and the diagnostic failure class (including cases of non-diagnostic, FP, and FN). Then, the potential confounding factors and effect modification were explored through subgroup analysis based on five criteria: final diagnosis (malignant vs. benign), lesion size (minimum diameter, ≤ 3 cm vs. > 3 cm), number of lesions (single vs. multiple), number of specimens (≤ 2 vs. ≥ 3), and Lobar location (upper or middle lobes vs. lower lobe). An odds ratio (OR) > 1.00 indicated a greater likelihood of diagnostic success in the PET/CT group. The Wald chi-square test were used to assess the interaction effect. Statistical significance was defined as a two-sided P-value < 0.05. All statistical analysis were completed using SPSS 25.0.





3 Results

The clinical characteristics of 458 patients were summarized in Table 1. Final diagnoses were achieved through surgical resection in 125 patients, other histopathological examinations or gene detection in 231 patients, and subsequent CT-images in 102 patients. According to the final diagnosis, 194 patients in the PET/CT group (194/227, 85.5%) were diagnosed as malignant, while 181 patients in the CT group (181/231, 78.4%) were diagnosed as malignant. Among the remaining 33 patients (33/227, 14.5%) in the PET/CT group were diagnosed as benign and 50 patients (50/231, 21.6%) in the CT group were diagnosed as benign. The distribution of malignant and benign lesions showed significant differences between the two groups (P = 0.048). There were no statistically significant differences in other variables between the two groups.


Table 1 | Patient characteristic and differences between the two groups.



In the PET/CT group, there were 180 TP, 31 TN, and 8 FN. In the CT group, there were 154 TP, 38 TN, and 17 FN. Neither group had any FP results. The sensitivity, specificity, PPV, NPV, and diagnostic accuracy rate were 95.7%, 100%, 100%, 79.5%, and 96.3% in the PET/CT group respectively. The corresponding values were 90.1%, 100%, 100%, 69.1%, and 91.9% in the CT group (Table 2). Significant differences were observed in the sensitivity and diagnostic accuracy rate between the two groups (P = 0.035, P = 0.048). Resulting a lower false negative rate in the PET/CT group (8/188, 4.3% vs. 17/171, 9.9%).


Table 2 | Diagnostic results and differences between the two groups.



After splitting the results in each group into two classes, as detailed in Tables 3 and 4, the PET/CT group had 211 patients classified as diagnostic success (211/227, 93.0%) and 16 patients classified as diagnostic failure (16/227, 7.1%; including 8 cases of non-diagnostic and 8 cases of FN). In contrast, the CT group had 192 (192/231, 83.1%) patients classified as diagnostic success and 39 patients classified as diagnostic failure (39/231, 16.9%; including 22 cases of non-diagnostic and 17 cases of FN). When compared to the CT group, the PET/CT group showed a higher likelihood of successful diagnosis for TTNB (OR, 2.68; 95CI%, 1.45 - 4.95) with significant differences between the two groups (P = 0.001). The subgroup analysis further revealed that this advantage was observed in both malignant (OR, 2.25; 95CI%, 1.14 - 4.45) and benign lesions (OR, 4.90; 95CI%, 1.02 - 23.53), and the effect was not influenced by the nature of the lesion (P for interaction = 0.375). When the lesion size was analyzed hierarchically by 3 cm, the PET/CT group demonstrated superiority in large lesions (OR, 4.81; 95CI%, 2.03 - 11.36) (Figures 1, 2), while showing moderate effect in small lesions (OR, 1.09; 95CI%, 0.42 - 2.81). Significant effect modification was observed in large lesions for TTNB in the PET/CT group (P for interaction = 0.023). Regarding the cause for effect modification in the PET/CT group, lesions larger than 3 cm were found to correlate with an inhomogeneous fludeoxyglucose uptake pattern. Figure 3 showed a positive correlation between lesion size and the proportion of metabolic heterogeneity. The proportion of metabolic heterogeneity was higher for lesions larger than 3 cm than for lesions smaller than 3 cm (chi-square test, P < 0.001). In other subgroup analyses, although the PET/CT group had higher diagnostic efficacy in detecting single lesion (OR, 3.07; 95CI%, 1.44 - 6.54), specimens with ≥ 3 lesions (OR, 2.64; 95CI%, 1.26 - 5.52), and lesions in the upper and middle lobes (OR, 3.78; 95CI%, 1.35 - 10.55), there was no statistically significant differences compared to multiple lesions (P for interaction = 0.519), specimens with ≤ 2 lesions (P for interaction = 0.966), and lesions in the lower lobe (P for interaction = 0.399).


Table 3 | Subgroup analysis between the two groups, according to final diagnosis, lesion size, number of lesions, number of specimens, and Lobar location.




Table 4 | The reasons of diagnostic failure between the two groups.






Figure 1 | The biopsy pathological examination revealed foam cells and alveoli epithelial cells proliferation in a patient from the CT group, who was ultimately diagnosed with adenocarcinoma. (A) CT-guided TTNB. (B) After five days, PET/CT images showed the location of needle tip was hypometabolic.






Figure 2 | A patient from the PET/CT group displayed inhomogeneous metabolism in a suspected lung lesion. By referring to the PET/CT image displayed side by side, FDG-avid tissue was successfully located by the needle. The biopsy pathological examination considered squamous cell carcinoma, which was subsequently corroborated during follow-up. (A) The previous PET/CT images. (B) CT-guided TTNB.






Figure 3 | Relationship between proportion of metabolic heterogeneity and lesion size.



Complications occurred in 33 patients (14.5%) in the PET/CT group with 31 cases pneumothorax (13.7%), 1 case of hemothorax (0.4%), 1 case of pleural reaction (0.4%). In the CT group, 43 patients (18.6%) had complications with 42 cases pneumothorax (18.2%), 1 case of hemothorax (0.4%). No statistically significant difference was found between the two groups (P = 0.241). There were no grade ≥ 4 complications (Complication causing a permanent sequelae or death) occurred in either group according to CIRSE classification (15).




4 Discussion

Many studies have reported better diagnostic performance for PET/CT guided biopsy as it allows for targeting the highest metabolic area within the entire lesion (8, 9, 16). In our study, we found that the PET/CT group demonstrated higher diagnostic efficacy compared to the CT group. These findings were consistent with the results reported by Fontana et al. (9), further supporting the advantages of PET/CT-aided CT-guided TTNB. Specifically, the PET/CT group showed a significant improvement in sensitivity and diagnostic accuracy rate. When considering non-diagnostic cases, the overall diagnostic success rate increased markedly in PET/CT group (93.0% vs. 83.1%, P = 0.001).

However, selection bias often occurred, with the PET/CT group exhibiting a significantly higher proportion of malignant patients compared to the CT group (7, 12). This selection bias may act as a potential confounding factor, thereby diminishing result reliability. Moreover, Purandare et al. indicated PET/CT only provided an incremental value of 40.7% in lung biopsy (13), which means obtaining PET/CT scans before each lung biopsy may not be necessary or cost-effective. To this end, we explored subgroup analysis.

Laura et al. reported the performance of FDG-PET/CT in solitary pulmonary nodule based on pre-test likelihood of malignancy, they found that sensitivity and PPV were higher (P < 0.05) in intermediate and high-risk patients (11). This suggests that patients with high FDG uptake may be more likely to be recommended for biopsy, resulting in a higher rate of malignant lesions in the PET/CT group. Thus, Cerci et al. have hypothesized that selection bias may be related to the better accuracy of PET/CT in the evaluation of lung lesions, noticeably nodules with an intermediate likelihood of malignancy and presenting areas of hypermetabolism (7). Another recent study suggested that low fludeoxyglucose uptake (SUV max ≤ 2.5) may be one of the reasons for inconclusive histology following lung biopsy (17). In our research, only 6 (2.6%) patients of PET/CT group presented with low fludeoxyglucose uptake of lung lesion. The distribution of malignant and benign lesions also showed significant differences between the two groups (P = 0.048). Further hierarchical test revealed that the PET/CT group have a higher likelihood for diagnostic success in both malignant (OR, 2.25; 95CI%, 1.14 - 4.45) and benign lesions (OR, 4.90; 95CI%, 1.02 - 23.53), and this advantage was not influenced by the nature of the lesion (P for interaction = 0.375). After adjusting for this bias, our results (adjusted OR, 2.62; 95% CI, 1.41 - 4.86; P = 0.002) remained close to the initial results (unadjusted OR, 2.68; 95% CI, 1.45 - 4.95, P = 0.001). Therefore, the final diagnosis (malignant or benign) cannot be regarded as a confounding factor in our research. In practice, even if the nature of the lesion may affect the success of the biopsy, it remains difficult to guide clinical practice because the final diagnosis cannot be known before conducting TTNB.

Lesion size is a crucial factor that affects the diagnostic accuracy of lung biopsy. Yeow et al. concluded lung lesions smaller than 1.5 cm (which pose technical difficulty) and larger than 5 cm (which are associated with a higher necrosis rate) affect diagnostic accuracy of CT-guided TTNB. In their study, the necrosis rate began to rise rapidly when the lung lesions were larger than 3 cm, and exceeded 10% when the lung lesions were larger than 5 cm (18). Hiraki et al. reported all their false negative results in lesions ≥ 3.1 cm were attributed to the presence of necrosis (3). Thus, we set 3 cm as a cut-off point for subgroup analysis. The results showed that the PET/CT group had significantly higher diagnostic efficacy when the lesion was larger than 3 cm, while showing moderate effect when the lesion was smaller than 3 cm (P for interaction = 0.023). Similarly, Lin et al. indicated that CT-guided biopsy with prior PET/CT fusion imaging is particularly helpful in improving diagnostic yield and accurate rate of biopsy in lung masses (diameter larger than 3 cm) (19). Specifically, large lesions may contain inflammatory tissue or necrosis, which could increase the risk of diagnostic failure (10, 18). Erdoğan et al. discovered that the Metabolic Tumor Volume, which was calculated by region of interest replacement in metabolically active area in each slice, showed a direct proportional increase with the diameter of the solitary pulmonary nodule (SPN) (20). However, when they divided the SPNs into two groups based on diameter, such as < 2 cm and ≥ 2 cm, this positive correlation became unstable (evaluated using Spearman’s Rho test, R value of 0.582 vs. 0.463), which means more non-neoplastic cells emerge in some larger SPNs. Piacentino et al. demonstrated PET/CT can help identify the hypermetabolic areas within large lesions, with the SUVmax area showed higher percentages of neoplastic cells. Conversely, the SUVmin area expressed more inflammation, fibrosis, necrosis, and normal lung parenchyma (10), specimens obtained in this situation may be inadequate for a conclusive histopathological evaluation. Herein, sixteen patients encountered diagnostic failure in CT group, with 8 cases (8/9, 88.9%) of necrosis and 8 cases (8/11, 72.7%) of inadequate sampling. On the other hand, technical difficulty of small lesions decreased the diagnostic success rate in our study, whether with or without metabolic information, meaning the enhanced value of PET/CT in small lesions for TTNB was limited. Four normal tissue (4/10, 40%) from the PET/CT group led to non-diagnosis, and both of these lesions were smaller than 1.5 cm. In addition, a positive correlation between lesion size and the proportion of metabolic heterogeneity was found in our study, which could explain the effect modification in the PET/CT group.

In theory, PET/CT has the potential to guide the selection of multiple lesions for biopsy (21), thus improving the success rate of diagnosis. However, our research showed that PET/CT did not provide added value for TTNB of multiple lung lesions. One reason might be attributed to the presence of numerous ground glass nodules in the multiple lung lesions biopsy in our study, which usually could not significantly interfere with the selection of puncture sites. A study involving 73 patients with multifocal pure ground glass nodules demonstrated that whole-body PET/CT did not offer definitive benefits compared to chest CT alone (22). Besides, some patients with multiple lung lesions exhibited large differences in lesion size, which could not interfere with the selection of puncture sites in clinical practice.

The complication rate was found to be 14.5% in the PET/CT group and 18.6% in the CT group, indicating no statistically significant difference between the two groups (P = 0.100). These findings were similar to those of previous studies (7).

Despite the superiority of PET/CT in detecting large lesions, eight false negative results in the PET/CT group were inevitable in our study. Because hypermetabolic activity can also be observed in some benign lesions (21), such as acute inflammation or tuberculosis, making it difficult to accurately distinguish where neoplastic cells are present. Moreover, respiratory motion during the procedure may cause the needle tip to fail to locate to the predetermined spot, particularly in the lower lobe.




5 Conclusion

18F-FDG-PET/CT enhances the diagnostic efficacy of CT-guided transthoracic needle biopsy for lung lesions, and the incremental value can be modified by lesion size, particularly when the diameter is larger than 3 cm.
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