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The impact of positron emission tomography on clinical decision making in a university-based multidisciplinary lung cancer practice.

Sachs S, Bilfinger TV.

Chest. 2005 Aug;128(2):698-703.  [MEDLINE]

INTRODUCTION: Positron emission tomography (PET) scanning has gained increasing application as a diagnostic and staging tool in the evaluation of lung cancer. Although PET scanning has been demonstrated to be a cost-effective adjunct to lung cancer diagnosis, its global impact on clinical decision making has not been assessed. STUDY OBJECTIVES: To evaluate the impact of the systematic use of PET scanning on clinical decision making. DESIGN: Retrospective study. SETTING: A university-based multidisciplinary lung cancer practice. PATIENTS: All patients undergoing diagnostic or staging PET scans from December 31, 2000, to December 31, 2002. INTERVENTIONS: None. MEASUREMENTS AND RESULTS: One hundred ninety-eight patients underwent PET for diagnosis (161 patients) or staging (37 patients). PET scan results and clinical outcomes were retrospectively reviewed to determine the frequency with which PET scan findings (1) upstaged patients, (2) downstaged patients, (3) changed the diagnostic workup, (4) altered therapy, (5) resulted in a significant additional diagnosis, and (6) triggered evaluations that ultimately proved fruitless. PET upstaged 32 of 198 patients (16.2%) and downstaged 12 patients (6.1%), facilitating curative resection in 4 patients. Overall, PET scan findings changed the stage in 44 patients (22.2%). PET scan findings changed diagnostic management in 105 of 198 patients (53%), among whom biopsy was deferred in 65 patients (61.9%) and was triggered or guided in 40 patients (38.1%). PET scan findings altered treatment decisions in 38 patients (19.2%), leading to neoadjuvant therapy in 6 patients and resection in 5 patients, and forestalling noncurative thoracotomy in 6 patients. PET scan findings prompted or redirected chemotherapy or radiotherapy in the remainder of the patients. Overall, PET scan findings changed management in 143 patients (72.2%). PET scan findings triggered additional diagnostic testing in 32 patients (16.2%), resulting in no new diagnosis in 16 patients (50%) and a critical change in management in 7 patients (21.9%). PET scan findings were solely responsible for a significant non-lung cancer diagnosis in eight patients (4%). CONCLUSIONS: Systematically applied PET scanning has a significant impact on patient management, altering diagnostic or therapeutic interventions in 72.2% of patients, changing staging in 22.2% of patients, and identifying serious unsuspected diagnoses in 4.0% of patients, with potentially life-saving consequences in 2.0%.Key Words: diagnosis; lung neoplasms; positron emission tomography.

The maximum standardized uptake values on positron emission tomography of a non-small cell lung cancer predict stage, recurrence, and survival.

Cerfolio RJ, Bryant AS, Ohja B, Bartolucci AA.

J Thorac Cardiovasc Surg. 2005 Jul;130(1):151-9.  [MEDLINE]

OBJECTIVE: We sought to assess whether the standard uptake value of a pulmonary nodule is an independent predictor of biologic aggressiveness. METHODS: This is a retrospective review of a prospective database of patients with non-small cell lung cancer. Patients had dedicated positron emission tomography scanning with F-18 fluorodeoxyglucose, with the maximum standard uptake value measured. All suspicious nodal and systemic locations on computed tomographic and positron emission tomographic scanning underwent biopsy, and when indicated, resection with complete lymphadenectomy was performed. RESULTS: There were 315 patients. Multivariate analysis showed patients with a high maximum standard uptake value (>/=10) were more likely to have poorly differentiated tumors (risk ratio, 1.5; P = .005) and advanced stage (risk ratio, 1.9; P = .010) and were less likely to have their disease completely resected (risk ratio, 3.7; P = .004). Maximum standard uptake value was the best predictor of disease-free survival (hazard ratio, 2.5; P = .039) and survival (hazard ratio, 2.8; P = .001). Stage-specific analysis showed that patients with stage IB and stage II disease with a maximum standard uptake value of greater than the median for their respective stages had a lower disease-free survival at 4 years (P = .005 and .044). The actual 4-year survival for patients with stage Ib non-small cell lung cancer was 80% versus 66% (P = .048), for stage II disease it was 64% versus 32% (P = .028), and for stage IIIa disease it was 64% versus 16% (P = .012) for the low and high maximum standard uptake value groups, respectively. CONCLUSIONS: The maximum standard uptake value of a non-small cell lung cancer nodule on dedicated positron emission tomography is an independent predictor of stage and tumor characteristics. It is a more powerful independent predictor than the TNM stage for recurrence and survival for patients with early-stage resected cancer. This information might help guide treatment strategies.

Imaging in lung cancer: positron emission tomography scan.

Vansteenkiste JF.

Eur Respir J Suppl. 2002 Feb;35:49s-60s.  [MEDLINE]

In the past 5 yrs, positron emission tomography (PET), usually used with 18F-fluoro-2-deoxy-glucose (FDG), has become an important imaging modality in lung cancer patients. Currently, the use of FDG-PET in respiratory oncology is mainly for diagnosis and staging. Standard indications are the evaluation of an indeterminate solitary pulmonary nodule or mass, where FDG-PET has proven to be significantly more accurate than computed tomography (CT) in the distinction between benign and malignant lesions. Several studies have also convincingly demonstrated that locoregional lymph node staging by FDG-PET (in correlation with CT images) is significantly superior to CT, with a negative predictive value equal or even superior to mediastinoscopy. FDG-PET also improves extrathoracic staging, through the detection of lesions missed at conventional imaging or characterization of lesions that remain equivocal on conventional imaging. Many European countries now have or plan reimbursement in these indications. Large-scale randomized studies should now focus on the impact this accurate tumour imaging technique has on treatment outcome and cost-efficacy. Ongoing studies in specialized centres focus on the use of FDG-PET in more advanced clinical applications, such as planning radiotherapy, response evaluation after radiotherapy or (induction) chemotherapy, follow-up and early detection of recurrence, and prognostic information in this in vivo measurement of tumour glucose metabolism. After a short note on the technique used and a summary of the current common indications of diagnosis and staging, this paper will deal mainly with two of the more advanced clinical applications of FDG-PET in locally advanced nonsmall cell lung cancer: radiation treatment planning and assessment of induction chemotherapy. Finally, it should be mentioned that a whole new field of applications of positron emission tomography in molecular biology, using new radiopharmaceutical probes, is under extensive investigation. These techniques are promising for future use in very early response monitoring during chemo- or radiotherapy, in evaluation of novel molecular-targeted lung cancer therapies, or even gene therapy. [References: 124]

Evaluation of thoracic tumors with 18F-fluorothymidine and 18F-fluorodeoxyglucose-positron emission tomography.

Yap CS, Czernin J, Fishbein MC, Cameron RB, Schiepers C, Phelps ME, Weber WA.

Chest. 2006 Feb;129(2):393-401.  [MEDLINE]

STUDY OBJECTIVES: 18F-fluorodeoxyglucose (FDG) is the most widely used positron emission tomography (PET) imaging probe used for the diagnosis, staging, restaging, and monitoring therapy response of cancer. However, its specificity is less than ideal. A new molecular imaging probe (18F-deoxyfluorothymidine [FLT]) has been developed that might afford more specific tumor imaging. The aims of this study were as follows: (1) to compare the use of FDG-PET and FLT-PET for tumor staging, (2) to compare the degree of FDG and FLT uptake in lung lesions, and (3) to determine the correlation between PET uptake intensity and tumor cell proliferation. DESIGN: FDG-PET and FLT-PET scans were performed in 11 patients with solitary pulmonary nodules and another 11 patients with known non-small cell lung cancer (NSCLC). Tracer uptake was assessed quantitatively by standardized uptake values (SUVs). Histologic evaluation of tissue samples obtained from biopsy specimens or surgical resections served as the "gold standard." Tumor cell proliferation was assessed by Ki-67 staining. RESULTS: Pathology verification was available from 99 tissue samples in the 22 patients (29 pulmonary lesions, 66 lymph node stations, and 4 extrapulmonary lesions). Thirty-three samples (33.3%) were positive for tumor tissue (22 pulmonary, 9 lymph node stations, and 2 extrapulmonary). FDG-PET findings were false-positive in three pulmonary lesions, while FLT-PET findings were false-positive in one lesion. There were two false-negative findings by FDG-PET and six false-negative findings by FLT-PET. FDG uptake of the malignant lesions was significantly higher than FLT (maximum SUV, 3.1 +/- 2.6 vs 1.6 +/- 1.2 [mean +/- SD]; p < 0.05). A significant correlation was observed between FLT uptake of pulmonary lesions and Ki-67 labeling index (r = 0.60, p = 0.02) but not for FDG uptake (r = 0.27, p = not significant). CONCLUSIONS: Compared to FDG-PET, detection of primary and metastatic NSCLC by FLT-PET is limited by the relatively low FLT uptake of the tumor tissue. Thus, FLT-PET is unlikely to provide more accurate staging information or better characterization of pulmonary nodules than FDG-PET. Nevertheless, the correlation between FLT uptake and cellular proliferation suggests that future studies should evaluate the use of FLT-PET for monitoring treatment with cytostatic anticancer drugs.

Feasibility of [18F]FDG-PET and coregistered CT on clinical target volume definition of advanced non-small cell lung cancer.

Messa C, Ceresoli GL, Rizzo G, Artioli D, Cattaneo M, Castellone P, Gregorc V, Picchio M, Landoni C, Fazio F.

Q J Nucl Med Mol Imaging. 2005 Sep;49(3):259-66.  [MEDLINE]

AIM: To prospectively evaluate the impact of coregistered positron emission tomography (PET) and computed tomography (CT) in 3D conformal radiotherapy (3D-CRT) planning in patients with non-small lung cancer (NSCLC). METHODS: Twenty-one patients (median age: 57 years; range: 42-80 years) referred to 3D-CRT for NSCLC were recruited. Positron emission tomography with 18F-fluorodeoxyglucose ([18F]FDG-PET) and conventional CT images were coregistered (PET/CT images) using a commercial software package based on surface matching technique. Neoplastic areas were contoured on [18F]FDG-PET images with the aid of the correspondent CT image by a nuclear medicine physician. CT images and their relative PET contours were then transferred to treatment planning system. A radiation oncologist firstly contoured clinical target volumes (CTV) on CT scan alone (CTV-CT), and then on coregistered PET/CT images (CTV-PET/CT). CTV-CT and CTV-PET/CT were compared for each patient; a difference higher than 25% was considered of clinical relevance. RESULTS: Three patients were shifted to palliative radiotherapy for metastatic disease or very large tumor size, showed by [18F]FDG-PET. Of the remaining 18 patients a CTV change, after inclusion of PET/CT data, was observed in 10/18 cases (55%): larger in 7/18 (range 33-279%) and smaller in 3/18 patients (range 26-34%), mainly due to inclusion or exclusion of lymph-nodal disease and to better definition of tumor extent. CTV changes smaller than 25% occurred in the remaining 8/18 patients. CONCLUSIONS: [18F]FDG-PET and CT images co-registration in radiotherapy treatment planning led to a change in CTV definition in the majority of our patients, which may significantly modify management and radiation treatment modality in these patients.

Presurgical staging of non-small cell lung cancer: positron emission tomography, integrated positron emission tomography/CT, and software image fusion.

Halpern BS, Schiepers C, Weber WA, Crawford TL, Fueger BJ, Phelps ME, Czernin J.

Chest. 2005 Oct;128(4):2289-97.  [MEDLINE]

PURPOSES: To compare the diagnostic accuracy of positron emission tomography (PET) and integrated PET/CT and to evaluate the performance of software fusion for staging of non-small cell lung cancer (NSCLC). METHODS: Thirty-six patients (17 men and 19 women) with NSCLC underwent staging with integrated PET/CT followed by mediastinal lymph node dissection and tumor resection. Twenty-five of the 36 patients (69%) underwent separate CT studies for software fusion of images. Two blinded reviewers analyzed in consensus all PET images, and an experienced radiologist was added to assess integrated and software-fused PET/CT images. Histopathologic findings served as "gold standard" for determining the diagnostic accuracy of all modalities. RESULTS: Reviewers examining PET and integrated PET/CT classified T stage accurately in 67% (20 of 30 patients) and 97% (29 of 30 patients), respectively (p < 0.05). Overall, interpretations based on PET staged 57% (17 of 30 patients) correctly, over-staged 6 patients (20%), and under-staged 7 patients (23%). Interpretations based on integrated PET/CT correctly staged 83% (25 of 30 patients), over-staged 3 patients (10%), and under-staged 2 patients (7%). The overall staging accuracy of integrated PET/CT was significantly higher than that of PET (p < 0.05). Automatic software fusion of separately obtained PET and CT studies was successful in 68% of the patients but failed in 32%. In successful software fusion cases, the results of software fusion with regards to T stage and N stage were not different from integrated PET/CT. CONCLUSIONS: Integrated PET/CT compared with PET alone was associated with 26% points-greater overall diagnostic accuracy (p = 0.01). The software fusion method failed to provide acceptable co-registration in > 30% of the patients.

Metabolic (FDG-PET) response after radical radiotherapy/chemoradiotherapy for non-small cell lung cancer correlates with patterns of failure.

Mac Manus MP, Hicks RJ, Matthews JP, Wirth A, Rischin D, Ball DL.

Lung Cancer. 2005 Jul;49(1):95-108.  [MEDLINE]

BACKGROUND: We previously reported that F-18 fluorodeoxyglucose (FDG) positron emission tomography (PET) response correlated strongly with survival after radical radiotherapy (RT)/chemoradiotherapy for non-small cell lung cancer (NSCLC). PET-response, survival and patterns of failure data are presented with long-term follow-up. METHODS: Pre- and post-treatment FDG-PET scans were performed for 88 patients after concurrent platinum-based radical chemo/RT (n = 73) or radical RT alone (n = 15). PET responses were prospectively assessed as either complete metabolic response (CMR), partial metabolic response (PMR), stable metabolic disease (SMD), or progressive metabolic disease (PMD). RESULTS: RT was 60 Gy in 30 fractions in 6 weeks. Follow-up PET was performed at a median of 70 days after treatment. PET responses were: CMR, n = 40 (45%); PMR, n = 32 (36%); SMD, n = 5 (6%) and PMD 11 (13%). Estimated median survival after follow-up PET was 23 months; median follow-up duration 35 months. One and 2 year survival after follow-up PET was 68% and 45%, respectively. Median survival for CMR and non-CMR patients was 31 and 11 months, respectively (p = 0.0001). One-year survival for CMR and non-CMR patients was 93% and 47%, respectively and 2 years survival was 62% and 30%, respectively. Excluding PMD patients, non-CMR patients had higher rates of local failure (HR 2.15, p = 0.009) and distant metastasis (HR 2.05, p = 0.041) than CMR patients. By last follow-up, 20 of 40 CR patients (50%) had PMD, with local failure (n = 8), distant metastasis (n = 2) or both (n = 10). CONCLUSIONS: Attainment of CMR after radical RT/chemoRT for NSCLC bestows superior freedom from local and distant relapse; late local relapse is common.

Detection and staging of preinvasive lesions and occult lung cancer in the central airways with 18F-fluorodeoxyglucose positron emission tomography: a pilot study.

Pasic A, Brokx HA, Comans EF, Herder GJ, Risse EK, Hoekstra OS, Postmus PE, Sutedja TG.

Clin Cancer Res. 2005 Sep 1;11(17):6186-9.  [MEDLINE]

PURPOSE: To evaluate the role of (18)F-fluorodeoxyglucose positron emission tomography (FDG-PET) in radiologically occult preinvasive lesions and lung cancer in the central airways. EXPERIMENTAL DESIGN: Twenty-two patients with 24 preinvasive lesions and early squamous cell cancer (SCC) being occult on high-resolution computed tomography were studied. All lesions were diagnosed based on histology sampled using autofluorescence bronchoscopy. FDG-PET findings were correlated with WHO histologic classification. FDG-PET was considered true-positive when the final diagnosis was SCC and true-negative when the lesions were classified as severe dysplasia or less. RESULTS: FDG-PET was true-positive in 8 of 11 and true-negative in 11 of 13 cases corresponding with a sensitivity of 73% [95% confidence interval (CI), 0.43-0.91] and specificity of 85% (95% CI, 0.57-0.97). Positive and negative predictive values were 80% (95% CI, 0.48-0.96) and 79% (95% CI, 0.52-0.93), respectively. CONCLUSIONS: Our very preliminary data suggest that FDG-PET might be useful for the evaluation of early central airway lesions, being positive in most SCC and negative in cases of severe dysplasia. Validation in a larger multicenter study is needed.

Non-small cell lung cancer: prospective comparison of integrated FDG PET/CT and CT alone for preoperative staging.

Shim SS, Lee KS, Kim BT, Chung MJ, Lee EJ, Han J, Choi JY, Kwon OJ, Shim YM, Kim S.

Radiology. 2005 Sep;236(3):1011-9.  [MEDLINE]

PURPOSE: To evaluate prospectively the accuracy of integrated positron emission tomography (PET) and computed tomography (CT) with use of fluorodeoxyglucose (FDG), compared with that of stand-alone CT, for the preoperative staging of non-small cell lung cancer, with surgical and histologic findings used as the reference standard. MATERIALS AND METHODS: Institutional review board approval and patient informed consent were obtained. From November 2003 to February 2004, 106 patients (78 men, 28 women; mean age, 56 years) with non-small cell lung cancer underwent curative surgical resection (tumor resection and lymph node dissection) after stand-alone CT followed by integrated FDG PET/CT. Tumor stages were determined by using the TNM and American Joint Committee on Cancer staging systems. Histopathologic results served as the reference standard. Statistically significant differences in tumor staging between integrated PET/CT and stand-alone CT were determined with P < .05 obtained by using the McNemar test or with a generalized estimating equation. RESULTS: The primary tumor was correctly staged in 84 patients (79%) at stand-alone CT and in 91 patients (86%) at integrated FDG PET/CT (P = .25). For the depiction of malignant nodes, the sensitivity, specificity, and accuracy of CT were 70% (23 of 33 nodal groups), 69% (248 of 360), and 69% (271 of 393), respectively, whereas those of PET/CT were 85% (28 of 33), 84% (302 of 360), and 84% (330 of 393) (P = .25, P < .001, and P < .001, respectively). There were 112 false-positive interpretations at CT for 54 hilar, 16 subcarinal, 29 paratracheal, 10 subaortic, and two pulmonary ligament nodal groups and one upper paratracheal group, compared with only 58 false-positive interpretations at PET/CT for 32 hilar, seven subcarinal, 13 lower paratracheal, and six subaortic nodal groups. There were 10 false-negative interpretations at CT for four hilar, two lower paratracheal, and two subcarinal nodal groups, one prevascular and retrotracheal group, and one inferior pulmonary group, but only five false-negative interpretations at PET/CT (one each for paratracheal, subaortic, subcarinal, inferior pulmonary, and hilar nodal groups). CONCLUSION: Integrated FDG PET/CT is significantly better than stand-alone CT for lung cancer staging and provides enhanced accuracy and specificity in nodal staging.

