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1. §
Introduction-Radiotherapy is one of the pillars of the treatment of lung cancer and it can be used as an ablative therapy alone in the early stages of the disease or combined with chemotherapy in more advanced stages (1). Despite its curative role in many settings, radiotherapy is not without side effects. One of the most unwanted side effects is radiation pneumonitis (RP). RP is an inflammatory response resulting from damage to the irradiated lung parenchyma (2) that typically occurs within six months of treatment completion (3).
Several factors appear to be associated with the risk of developing RP and its severity, including patient-related, tumor-related, and treatment-related dosimetric factors, as well as tumor size and location (4). Patients receiving chemoradiotherapy or with prior lung resection are also in the group of patients at high risk of developing RP (5)(6). However, the analysis of all these variables in the calculating toxicity potentials is uncommonly performed due to the lack of suitable algorithms.
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Figure 2. Figure 2 :
2[image: Figure 2: Image Thresholding Tool]

Figure 3. Table 1 :
1	Variable	n=39
	Age (years) -mean ± SD [min -max]	71.7 ± 7.9 [55 -87]
	Sex -n(%)	
	Male	15 (38.5)
	Female	24 (61.5)
	Staging -n(%)	
	Primary tumor with pathological diagnosis	31 (79.5)
	No pathological diagnosis, or inconclusive	8 (20.5)
	Histological type -n(%)	
	Adenocarcinoma	20 (51.3)
	Squamous cell carcinoma	12 (30.8)
	No biopsy	7 (17.9)
	BED (Gy) -mean ± SD [min -max]	152.2 ± 37.2 [85 -180]
	Tumor site -n(%)	
	RLL	9 (23.1)
	LLL	9 (23.1)
	RML	1 (2.6)
	RUL	10 (25.6)
	LUL	10 (25.6)


Note: BED, biologically effective dose; RLL, right lower lobe; LLL, left lower lobe; RML, right middle lobe; RUL, right upper lobe; LUL, left upper lobe.



Figure 4. Table 2 :
2	Percentages	Inspiration Mean ± SE
	Emphysema	5.51 ± 1.30
	<5%	26 (66.7%)
	5% to 15%	7 (17.9%)
	>15%	6 (15.4%)
	Normal	82.1 ± 1.56
	Fibrosis	7.5 ± 1.21
	IV.	
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adiotherapy is one of the pillars of the treatment of lung cancer and it can be used as an ablative therapy alone in the early stages of the disease or combined with chemotherapy in more advanced stages (1). Despite its curative role in many settings, radiotherapy is not without side effects. One of the most unwanted side effects is radiation pneumonitis (RP). RP is an inflammatory response resulting from damage to the irradiated lung parenchyma (2) that typically occurs within six months of treatment completion (3).
Several factors appear to be associated with the risk of developing RP and its severity, including patientrelated, tumor-related, and treatment-related dosimetric factors, as well as tumor size and location (4). Patients receiving chemoradiotherapy or with prior lung resection are also in the group of patients at high risk of developing RP (5)(6). However, the analysis of all these variables in the calculating toxicity potentials is uncommonly performed due to the lack of suitable algorithms.
There is essential heterogeneity among patients receiving radiotherapy. Currently, the rate of lung cancer in non-smokers has been increasing synchronously with the increase in the diagnosis of adenocarcinoma and inversely with the diagnosis of squamous cell carcinoma and small cell lung cancer (7). In any case, the number of smokers and patients with previous lung diseases who develop lung cancer is high (8). Such diseases include chronic obstructive bronchopulmonary disease (COBPD) and interstitial lung disease (ILD) and are significant risk factors for cancer. A study published in 2015 demonstrated that patients with COBPD had a higher incidence of pneumonitis associated with consolidation in the irradiated volume (52%) than those without COBPD (16%) (9). The benefits of radiotherapy are well known, but it is essential to pay attention to the particularities of patients to adjust their treatment to minimize pulmonary complications and improve clinical outcomes (10).
Lung densitometry is a method that can differentiate healthy tissue from emphysematous or fibrotic tissue (11,12). This diagnostic method measures lung density and classifies the tissue according to its ability to attenuate X-rays in computed tomography (CT) studies. CT lung density measurements are expressed in Hounsfield units (HU) (13), and the different densities obtained characterize the tissue, reflecting the degree of lung damage. For example, decreased X-ray attenuation occurs in emphysema and cystic lung disease, whereas increased X-ray attenuation occurs in pulmonary fibrosis.
In patients with lung cancer who are candidates for radiotherapy treatment, densitometry provides additional information about the patient's clinical condition (14,15), in addition to the possibility of visually mapping the whole lung tissue and its different densities (figure 1). 
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Patients receiving lung stereotactic body radiotherapy (SBRT) for early-stage primary lung tumors (stages I and II) between 2017 and 2022 at Santa Casa de Porto Alegre, Brazil, were selected. Patients with CT scans with a millimetric slice thickness obtained at 120 kV and 80 mAS during forced inspiration were included.
All CT scans were examined for their lung density characteristics. Lung density measurements were made on radiotherapy planning CT scans, obtained with a 64-slice CT scanner (Ingenuity Core 64; Philips Healthcare, Cleveland, OH, USA). The structures of interest were outlined using the Eclipse radiotherapy planning system v15.6 (Varian Medical Systems, Palo Alto, CA, USA). The structures of interest were defined as "Right Lung," "Left Lung," and "Lungs" (both lungs drawn as a single structure) and automatically segmented, as were the structures corresponding to the different density ranges to be analyzed.
CT lung density measurements are expressed in HU, a quantitative scale for describing radiodensity divided into 2048 density values, where water is arbitrarily defined to be 0 HU, air is defined as -1000 HU, and bone density as 1000 HU (16). Quantitative indices of emphysema show low attenuation values, corresponding to the proportion of lung volume with attenuation between -1000 and -950 HU (17). Functional lung volume can be measured with attenuation between -950 and -700 HU, and for fibrosis, attenuation values range from -700 to -200 HU (18).
The structures corresponding to the attenuation ranges were obtained using the "Image Thresholding" tool (figure 2), which allows manual selection of HU values. They were defined as "Emphysema" for attenuation ranging from -1000 to -950 HU, "Normal Tissue" (functional lung volume) for attenuation ranging from -949 to -700 HU, and "Fibrosis" for attenuation ranging from -699 to -200 HU. The attenuation values of -949 HU and -699 HU were used to avoid data duplication. The volumes were then measured and recorded in a table. Given its importance in the clinical and oncological treatment of patients with lung cancer, emphysema was divided into three groups. Emphysema was considered insignificant when it involved less than 5% of the total lung volume, and severe emphysema was defined as involvement more significant than 15% (19). Fibrosis was considered a single group.
Continuous variables are expressed as mean (SD) if normally distributed. Categorical variables are expressed as counts and percentages. Continuous variables were compared using t-tests or the Wilcoxon rank sum test. Data were analyzed in SPSS, version 29.0 (SPSS Inc., Chicago, IL, USA).
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CT data from 39 patients were analyzed. The mean patient age was 71.5 years, and most were female, accounting for 61.5% of the sample. The most common histological type in biopsied patients was adenocarcinoma (62.5%), and the tumor site showed no predilection for any particular lobe.  Of the total sample, 26 patients (66.7%) had no or insignificant emphysema (less than 5% of the total lung volume), 7 (17.9%) had 5% to 15% of whole lung tissue with emphysema, being defined as mild-tomoderate emphysema, and 6 (15.4%) had severe emphysema, with greater than 15% of the total lung volume being emphysematous. Tissue with attenuation areas corresponding to fibrosis was found in 7.5% (SE, 1.21). 
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There is consensus on the indication of radiotherapy in non-operated patients, both in the early and advanced stages of disease. A 5-year tumor control rate of 90% can be achieved with ablative radiotherapy (20)(21)(22) or hypofractionated radiotherapy for early-stage tumors (23), generally with low toxicity, but not without toxicity, with reports of grade 5 toxicity (24), especially in more centrally located tumors. In the treatment of more advanced tumors, the 5-year local control rate is less than 30% (25), with high rates of severe pneumonitis (grades 3 to 4) affecting one-third of patients when radiotherapy is combined with chemotherapy (26,27), the standard of care for locally advanced tumors (28).
When evaluating radiotherapy planning, dose limits for irradiation of normal lung tissue are tabulated generically. Studies on lung toxicity in three-dimensional treatment suggest that the mean dose to both lungs, excluding tumor volume, should remain below 20 Gy. In comparison, it is prudent to limit the lung volume receiving 20 Gy to 30%, perhaps reaching 35% (V 20Gy ?30-35%) (29), regardless of tumor stage. In ablative radiotherapy, the allowed doses have a different absolute number, but they also treat all patients with dose escalations, regardless of patients' pre-existing lung function and tumor stage. Such doses are V 20Gy <10%, not exceeding the limit of 15%. In addition, the doses must not exceed 12.5 Gy for the critical volume of 1500 cc and 13.5 Gy for 1000 cc (30)(31). The use of V X -based dose analysis ("V" volume of normal lung receiving a dose of "X" Gy) is attractive because this metric can be readily obtained via the dose-volume histogram (DVH). However, as pointed out in the QUANTEC report on pulmonary toxicity, V X cutoffs may not be universal. The percent volume receiving a dose of "X" may depend on the treatment technique and does not allow the inclusion of other toxicity factors associated with the actual final toxicity (32).
In general, in the dose limits suggested in the literature, patients with severe lung disease have their normal tissue considered within the same dose limits as those for patients without any functional changes. The tissue volume considered normal is the tissue without tumor (32,33), that is, excluding the target volume. Therefore, emphysematous or fibrotic areas, known to be entirely non-functional, are regarded as "normal" tissue in the volume.
For lung density analysis, we only included patients with a well-documented inspiration breath-hold technique. For this reason, we chose to analyze patients who would receive SBRT, as this group has a more detailed CT analysis than patients who receive conventional fractionation. It is known, however, that most patients receiving SBRT have clinical conditions unfavorable to surgery, which is still the standard treatment for early-stage tumors (34, 35), whether due to chronic lung disease or other comorbidities. Therefore, our sample has more patients with advanced lung disease than the group of all patients with lung cancer.
Despite the small sample size, the data corresponding to mild-to-moderate emphysema (17.9%) in patients with lung tumors are consistent with data from the literature (36). In the current study, severe emphysema was present in 15.4% of patients, which implies that these patients have limitations, that is, symptoms of their underlying lung disease. When receiving ablative or conventionally fractionated radiotherapy, these patients are more likely to develop clinical and radiological pneumonitis.
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Several studies have demonstrated that accurate quantification of lung density can be helpful in various clinical applications, such as the diagnosis and monitoring of lung diseases, medical procedure planning, and assessment of treatment response. In this study, it was possible to expand the use of tools currently available in the SBRT protocol, such as CT scan at inspiration and resources available in the planning system. The results based on lung densitometry provide essential information about the clinical characteristics of patients who are candidates for radiotherapy treatment, which can be helpful for future research and understanding specific lung conditions, allowing a personalized DVH assessment.
In conclusion, radiation dose-volume effects on the lung play an essential role in the developing pulmonary complications after radiotherapy. A personalized approach, considering risk factors and using advanced techniques, can help minimize these effects and, consequently, improve the quality of life of patients undergoing treatment. 
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