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Abstract


Background: The standard treatment for locally advanced non-small cell lung cancer (LA-NSCLC) is represented by concomitant chemo-radiotherapy followed by consolidation with durvalumab that ensures a 5-year survival of 46%. However, the risk of radiotherapy-induced pneumonia (RIP) is almost 10–15%. Complete cardiological examination is also usually performed during the cardiopulmonary pre-treatment evaluation and pulmonary function testing is one of the most used tool to predict the risk of RIP development. Aim: The aim of this study is to investigate the impact of Tc-99 macroaggregated albumin (MAA) lung perfusion scan with single photon emission-computed tomography/computed tomography (SPECT/CT) in the preliminary assessment of lung functions and its potential role for the optimization of the radiotherapy treatment planning. Methods: Descriptive and statistical analysis were performed on eight patients affected by unresectable stage III LA-NSCLC treated with chemo-radiotherapy. Before starting radiotherapy, patients underwent lung perfusion SPECT/CT. The SPECT/CT images were firstly co-registered with the simulation CT scan ones, then a specific region of interest (ROI) of lung volumes was created to represent the areas with a perfusion of at least 20% 40%, 60% and 80% of maximum perfusion, respectively. Finally, optimization of the standard treatment plan was performed with the aim of preserving the better perfused lung volumes. The dosimetric correlations of both plans were made comparing pulmonary V20 and V5, mean pulmonary, esophagus and heart dose. Results: From the DVH comparative analysis of the two treatment plans (standard one versus SPECT optimized one) obtained for each patient, the data confirmed an equal coverage of the target volume while respecting all lungs, heart and esophagus dose constraints. At the same time, SPECT-optimized plans allowed to reduce the average dose to the better perfused lung volumes. Conclusions: Lung perfusion scintigraphy could be considered a preliminary assessment tool to explore lung functions and stratify the risk of RIP development. SPECT/TC may also be proposed as a dose painting tool to optimize radiotherapy treatment plans. Only prospective analysis will be enable us to confirm the real reduction of RIP risk in lung areas with an optimal perfusion.
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1. Introduction


Definitive chemo-radiotherapy (CRT) followed by consolidation with durvalumab is the standard treatment for patients with unresectable locally advanced non-small cell lung cancer (LA-NSCLC) due to the findings showed in the Pacific trial [1] and in other “real world” studies [2]. Regarding toxicities, old data showed a radiation induced pneumonia (RIP) rate of 15–20% [3,4,5], while in the Pacific trial, the risk of RIP was 13.1% and 7.7% in the durvalumab and placebo arm, respectively. These findings confirmed that RIP still remains a critical issue when radical radiotherapy (RT) is performed. RIP may arise approximately 4–12 weeks after the end of RT, and it is clinically characterized by dyspnea, cough, pain and low-grade fever [6]. Radiologically, it presents distinctive changes on computed tomography (CT) scan, such as ground glass opacity, areas of pulmonary consolidation and consolidations with air bronchogram.



Lung perfusion evaluation with Tc-99 MAA SPECT/CT is a quantitative differential analysis of the lung functions able to provide additional information. Lung perfusion scintigraphy is often used by thoracic surgeons to test the residual respiratory function and to estimate the hemodynamic tolerance of the residual lung parenchyma after surgical resection [7].



Similarly, the lung perfusion scan with SPECT/CT could be used to estimate the risk of RIP in patients who are candidates for CRT with radical intent, without precluding the indication for treatment even in patients with comorbidities or respiratory symptoms [8].



However, the image co-registration of lung perfusion information with CT scan images may be useful during the RT treatment planning.



A prospective study showed that the functional dose–volume-normalized SPECT/CT-weighted parameters (functional MLD, V20 and V30) are more reliable to evaluate the risk of RIP than the commonly used standard dose–volume parameters based on simulation CT scan [9].



Lung perfusion images, using SPECT/CT, provide information about the different lung perfusions showing a concrete gradient. Different functional lung regions could be integrated into the global information available in the treatment planning process. Furthermore, this information may be used to optimize radiation treatment plans in terms of dose painting in order to preserve the best perfused lung regions without compromising target coverage and respecting dose constraints for organs at risk.



Several studies in the literature showed that 8–10% reduction in V20/V30 significantly reduces the risk of RIP using SPECT/CT during the planning workflow [10,11].



The exploratory nature of this descriptive analysis investigated the potential impact of the SPECT-CT scan on the RT treatment plan workflow for LA-NSCLC. The aim of this dosimetric study is to set the basis for a pilot and prospective clinical trial to evaluate the integration of SPECT data into treatment planning plans to more accurately estimate the risk of RIP.




2. Materials and Methods


All the eligible patients had a diagnosis of unresectable LA-NSCLC and were candidates for standard CRT followed or not by durvalumab as decided by a multidisciplinary meeting. The tumor was staged with total body CT scan and 18F-fluorodeoxyglucose (18F-FDG) positron emission tomography/computed tomography (PET/CT). In addition, all patients underwent a lung perfusion assessment with Tc-99 MAA SPECT-CT scan within 10 days before starting the treatment. A standard RT treatment plan was obtained using a four-dimensional simulation CT. All treatment plans were delivered using volumetric modulated arc therapy (VMAT) technique and daily image-guided radiation therapy (IGRT).



All treatment volumes were identified and contoured following the ESTRO ACROP guidelines [12]. The ICRU 83 [13] normalization and optimization guidelines were used as a reference for PTV coverage, with V95% > 95% and D105% < 5% so that a minimum dose of 95%, a maximum of 105% and an average of 95% of the prescribed dose were accepted. According to the QUANTEC [14], dose constraints for organs at risk were defined as follow: mean lung dose 20–23 Gy, mean dose to the esophagus < 34 Gy, volume of the lung receiving 20 Gy (V20) < 35% and volume of the lung receiving 5 Gy (V5) < 60%.



In addition, over the standard plan obtained for treatment, an in silico one was calculated for each patient introducing lung perfusion provided by SPECT CT scan. For this second treatment plan obtained after the SPECT optimization, deformable co-registration between CT simulation images and the SPECT/CT ones was performed using the VelocityTM software 4.0 (Varian Medical Systems, Crawley, UK). First performed a fusion between the simulation CT and the PET CT. Then, we automatically fused them with the corresponding PET perfusion images (Figure 1). The planning system used was Pinnacle. From the literature, the best perfused lung areas could be considered those with a perfusion range ranging from 20% of maximum perfusion to 80% of maximum perfusion [15].



Since the exploratory nature of this study, the regions of interest representing lung volumes with a perfusion of at least 20% 40%, 60% and 80% of the maximum perfusion value were created on the treatment plan (xx%IsoROI) (Figure 2).



Finally, a second plan optimization was developed giving priority to 80% isoROI with the purpose to preserve the most perfused lung areas and to maintain the same OARs doses obtained from the standard plan.



The dosimetric parameters that most frequently correlate with pulmonary toxicity, such as mean lung dose (Dm), lung V5, lung V20 and the PTV volume (cc), were analyzed. PTV coverage dose, mean heart and esophageal dose were also considered.



Volumes, ROI x%—PTV mean dose, V20 and V5 were extracted for each isoROI. The mean values of these parameters were used to compare the standard and the second RT treatment plan. The t-test was applied, and a p value < 0.05 was considered statistically significant.




3. Results


From July 2020 to November 2021, eight patients with unresectable LA-NSCLC and SPECT staging met the inclusion criteria and were selected for the analysis. All patients completed the planned chemo-radiotherapy course, represented by conventionally fractionated RT and platinum-based doublet chemotherapy. Maintenance immunotherapy with durvalumab was then prescribed to all the patients. Patient characteristics are summarized in Table 1. Median age was 66 years (range 56–75); no pre-existing pulmonary diseases were reported for all patients. Regarding histology, three patients had squamous cell carcinoma and five had adenocarcinoma. All patients completed the RT course receiving a total dose of 60 Gray (Gy), 2 Gy per fraction (2 Gy/fr), five fractions per week. Concomitant chemotherapy was proposed for six patients: four patients had carboplatin-paclitaxel, while two had cisplatin and pemetrexed and the last two patients received sequential chemo-radiotherapy with carboplatin plus paclitaxel. All patients were candidates to receive durvalumab as maintenance. Only one case of G3 RIP was reported (Table 1).



In terms of target coverage, a dosimetric comparison between the standard RT plan (plane 1) and the SPECT/CT-based one (plane 2) did not show relevant differences. No differences were also documented regarding the organs at risk identified. (Table 2) (Figure 3).



Mean dose, V5 and V20 for lung-PTV were substantially equivalent for standard RT plans and SPECT-based ones. No differences were observed for isoROI 20%, while a slight but significant improvement in mean lung dose was found in terms of isoROI 40%. Better results for all abovementioned dosimetric parameters were achieved for the isoROI 60% and 80% in the SPECT-optimized plan (Table 3).




4. Discussion


An example of application of radiological parameters to discriminate pathophysiological features is the DTI in the brain neoplasm, where different ADCmean values are related to different histologies [16,17]. In the same way, the pulmonary function test is well described as a useful tool to assess lung functionality and can potentially predict the risk of RIP in candidates to curative treatment for LA-NSCLC [8]. The SPECT-optimized plan was developed by giving higher priority to the isoROI 80% corresponding to very small lung volumes. This procedure allowed us to maintain the same dose volume histogram (DVH) between the standard and SPECT optimized plan in term of target coverage. At the same time, the SPECT-optimized RT plan allowed us to better satisfy the selected dose–volume parameters such as V5, V20 and MLD. This optimization also allowed us to obtain a clear advantage for isoROI 60%, while it was just marginally achieved for isoROI 40%. This suggests that the optimization effort profused on small lung volumes (isoROI 80%) could improve dose distribution even on larger lung volumes.



Pulmonary perfusion assessment could also be particularly relevant for RIP damage. Preserving lung parenchyma with optimal perfusion is likely to reduce the resulting vascular damage and the risk of pulmonary toxicity [18].



The main limits of this study are its retrospective nature, the limited number of cases and the lack of correlation between dosimetric data and clinical outcomes. Nonetheless, results of this pilot analysis are promising in terms of possibility to spare the better perfused lung volumes, with the chance to reduce the risk of RIP in functional lung. This preliminary hypothesis-generating experience warrants the evaluation of SPECT-guided radiotherapy in prospective and larger series to confirm the real clinical impact of integrating SPECT information into the treatment planning workflow to better avoid severe pulmonary toxicity.
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Figure 1. Deformable co-registration between CT simulation images and the SPECT/CT. 
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Figure 2. Red: PTV; green: isoROI 20%; magenta: isoROI 40%; yellow: isoROI 60%; light-blue: isoROI 80%. 
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Figure 3. (a) Standard RT plan and (b) SPECT/CT-optimized RT plan. 
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Table 1. Patient and treatment characteristics.






Table 1. Patient and treatment characteristics.










	Variables
	
	Patients





	Age
	66 (56–75)
	55



	Diagnosis
	squamous cell carcinoma

adenocarcinoma
	3

5



	Stage
	IIIA

IIIB

IIIC
	1

5

2



	BPCO o other respiratory diseases
	0
	



	Charlson comorbidity index
	<7
	8



	
	>7
	0



	chemotherapy
	Carboplatin/paclitaxel trisettimanale

CDDP/Pemetrexed
	6

2



	RIP
	G3

G2

G1

G0
	1

0

0

7
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Table 2. Results of the DVH of plane 1 and plane 2.
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	Plane 1
	Plane 2
	p





	D95 PTV
	55
	55
	ns



	Mean dose of cumulative lung minus PTV
	13
	13
	ns



	Mean dose of ipsilateral lung
	23
	23
	ns



	Mean dose of contralateral lung
	9
	9
	ns



	V5
	56%
	56%
	ns



	V20
	23%
	23%
	ns



	Mean dose of esophagus
	27
	27
	ns



	Mean dose of heart
	15
	15
	ns










[image: Table] 





Table 3. Results of the DVH analysis of the isoROIs of plane 1 and plane 2.
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	IsoROI > 20% Max Perfusion
	Plane 1
	Plane 2
	p





	Mean dose cumulative lung minus PTV
	14
	14
	ns



	V20
	20
	20
	ns



	V5
	54
	57
	ns



	IsoROI > 40% max perfusion
	Plane 1
	Plane 2
	p



	Mean dose cumulative lung minus PTV
	14
	13
	0.042



	V20
	20
	19
	ns



	V5
	56
	56
	ns



	IsoROI > 60% max perfusion
	Plane 1
	Plane 2
	p



	Mean dose cumulative lung minus PTV
	14
	11
	0.025



	V20
	23
	16
	ns (0.05)



	V5
	57
	54
	0.023
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