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Purpose

Stereotactic body radiation therapy (SBRT) is a standard treatment for early primary lung cancer patients. However, there are few simple models for predicting the clinical outcomes of these patients. Our study analyzed the clinical outcomes, identified the prognostic factors, and developed prediction nomogram models for these patients.



Materials and Methods

We retrospectively analyzed 114 patients with primary lung cancer treated with SBRT from 2012 to 2020 at our institutions and assessed patient’s clinical outcomes and levels of toxicity. Kaplan–Meier analysis with a log-rank test was used to generate the survival curve. The cut-off values of continuous factors were calculated with the X-tile tool. Potential independent prognostic factors for clinical outcomes were explored using cox regression analysis. Nomograms for clinical outcomes prediction were established with identified factors and assessed by calibration curves.



Results

The median overall survival (OS) was 40.6 months, with 3-year OS, local recurrence free survival (LRFS), distant disease-free survival (DDFS) and progression free survival (PFS) of 56.3%, 61.3%, 72.9% and 35.8%, respectively, with grade 3 or higher toxicity rate of 7%. The cox regression analysis revealed that the clinical stage, immobilization device, and the prescription dose covering 95% of the target area (D95) were independent prognostic factors associated with OS. Moreover, the clinical stage, and immobilization device were independent prognostic factors of LRFS and PFS. The smoking status, hemoglobin (Hb) and immobilization device were significant prognostic factors for DDFS. The nomograms and calibration curves incorporating the above factors indicated good predictive accuracy.



Conclusions

SBRT is effective and safe for primary lung cancer. The prognostic factors associated with OS, LRFS, DDFS and PFS are proposed, and the nomograms we proposed are suitable for clinical outcomes prediction.
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Introduction

Lung cancer is the second most common malignancy and the main cause of cancer-related deaths worldwide (1). Stereotactic body radiation therapy (SBRT) is considered a reasonable, efficient, noninvasive, and safe therapy in primary lung cancer patients who are declining surgery resection or medically inoperable due to comorbid diseases (2–4). SBRT uses image guidance and a precise immobilization system while providing ablation radiation prescription dose to the tumor target and rapidly reducing the dose outside the target to weaken the effects in adjacent critical organs (5). Many retrospective and prospective studies have suggested promising clinical outcomes and safety of lung cancer treated with SBRT, with 3-year overall survival approaching 56% and locoregional control achieving 88% (6). The outcome of SBRT is superior to conventionally fractionated radiotherapy and comparable to surgery for patients who are suitable for surgery (7, 8). However, there are still some failure patterns that have to be considered by the medical community.

It has been widely reported that the clinical factors and dosimetric factors can impact the prognostic of clinical outcomes in lung SBRT patients (9, 10). However, the factors relating to overall survival (OS), local recurrence-free survival (LRFS), distant disease-free survival (DDFS) and progression-free survival (PFS) were not clearly identified until now. On the other hand, apart from the clinical factors, economical and practical dosimetric factors should be fully explored when predicting clinical outcomes (11). Furthermore, patients who undergo personalized treatment can benefit from accurate prediction and more effective post-treatment outcomes (12). Lastly, nomograms derived from multiple factors were rarely combined to evaluate the prognosis in SBRT treatment of lung cancer patients.

The purpose of our present study was to analyze the clinical outcomes and radiation-related toxicity in lung cancer patients receiving SBRT. Furthermore, we aimed to identify clinical and dosimetric factors associated with clinical outcomes and develop the prediction nomogram models to assess clinical prognosis to guide reasonable medical strategies.



Materials and Methods


Patients and Treatment Planning

After being approved by our hospital board of ethics, we retrospectively analyzed our database of lung cancer patients from January 2012 to December 2020. Eligible patients with primary lung cancer, declining surgery (or inoperable), informed consent to undergo SBRT were included (N=186). Patients with irradiation sites in the chest wall, mediastinum or thoracic vertebra (N=4), incomplete treatment course (N=1), and metastatic lung cancer (N=67) were excluded. The patients included in the study were immobilized with vacuum bags or using a thermoplastic mask fixation system. We used four-dimensional computed tomography (4DCT) or three-dimensional computed tomography (3DCT) to simulate tumors. The specifications of the CT scanner were as follows: tube voltage 120kvp, tube current 350mA, standard convolution kernel, construction matrix 512 × 512. Then, tumors were delineated following the eclipse treatment planning system (version 10.0 of Varian Medical System, Inc., Palo Alto, CA). In addition, the internal target volume based on 4DCT (ITV4D) were generated combining all the gross tumor volumes (GTVs) contoured at the 10 phases of the respiratory cycle. The internal target volume based on 3DCT (ITV3D) was generated using two methods: (1) the combination of two GTVs of the peak-exhale and peak-inhale respiratory phases to form a single volume; and (2) GTV from observing the motion amplitude under fluoroscopy and reconstructed to form a single volume. A 5 mm margin was added in all directions on the ITV that was defined as the planning target volume (PTV). Besides, we assessed image guidance and target lesion location by cone-beam computed tomography (CBCT) prior to each treatment session.



Data Collection

Patients’ relevant clinical and dosimetric data were collected at our institution. The clinical data that were collected comprised gender, age, smoking status, Karnofsky performance status (KPS), body mass index (BMI), tumor location, clinical stage, histology, equivalent diameter, GTV, PTV, chemotherapy (or not), hemoglobin (Hb), Neutrophil-to-Lymphocyte ratio (NLR), Platelet-to-Lymphocyte ratio (PLR), immobilization device, and 4DCT (or not). The dosimetric data that were collected considered if the prescription dose covered 95% of the target area (D95), the maximum dose in the whole plan (Dmax), the minimum dose of PTV (PTVmin), mean dose of PTV (PTVmean), the maximum dose of PTV (PTVmax), dose inhomogeneity of PTV (PTVmin/PTVmax), the minimum dose of GTV (GTVmin), mean dose of GTV (GTVmean), the maximum dose of GTV (GTVmax), and dose inhomogeneity of GTV (GTVmin/GTVmax). All the doses were expressed as biologically effective doses (BEDs), which were calculated from the linear-quadratic model, BED = D× [1+D/n(α/β)], D = total dose, n = fraction number, α/β=10. We classified the BMI according to the following categories: underweight (<18.5 kg/m²), normal weight (18.5-25 kg/m²) and overweight (>25 kg/m²). Hemoglobin levels of less than 12 g/dL in women and 13 g/dL in men were diagnosed as anemia.



Follow up and Endpoints

In-person and/or phone follow-ups were conducted between 4 to 6 weeks after treatment, every three months in one year, and every six months thereafter. We assessed the clinical outcomes during these follow-ups, including OS, LRFS, DDFS, PFS, and toxicities. Tumor local recurrence and distant metastases were identified from biopsy, cytology, or lesion progression on imaging findings. Distant metastases were determined to include both regional metastases and systemic metastases. Toxicity was graded using the RTOG/EORTC criteria (13). Time-to-event outcomes were defined from the first treatment date to the first date of confirmed symptoms.



Statistical Analysis

Statistical analysis was performed using R Software (version 4.0.2), and the survival curves were estimated using Kaplan-Meier analysis. In addition, the differences between curves were assessed by log-rank test. Pearson’s correlation coefficient and the variance inflation factor (VIF) were evaluated to detect multicollinearity among independent dosimetric factors included in the regression model. We considered a correlation coefficient of > 0.6 between two factors and a VIF of > 10 indicative of multicollinearity (14, 15). The X-tile tool was used to calculate the most suitable cut-off values according to the outcomes for continuous factors (16). Then, univariate and multivariate analyses were performed to identify independent prognostic factors associated with long-term effects using Cox regression analysis. The prediction nomogram models were established with those identified factors to predict OS, LFRS, DDFS, and PFS at the 1-, 2-, and 3-year follow-up. After that, the performance of the prognostic nomograms was assessed by the concordance index (C-index) and calibration curves. The internal validation of the predictive nomogram models was performed using bootstrap analysis. P values were two-sided with values < 0.05 considered statistical significance.




Results


Patients’ Characteristics

A total of 114 patients met the eligibility criteria on our database. A summary of patient characteristics is shown in Table 1. There were 94 males and 20 females among the final sample group and 89 patients (78.1%) over 60 years old. Most of the primary tumor cases (78.1%) were in peripheral locations. The numbers of patients with adenocarcinoma, squamous cell carcinoma, and unknown pathological conditions were 56 (49.1%), 37 (32.5%), and 21 (18.4%), respectively. A minority of patients (21.1%) were treated with concurrent chemotherapy, and the majority of patients (60.5%) were fixed with thermoplastic masks. Mean tumor volume was 20.95 cm3 (range, 0.10-359.60 cm3), mean equivalent diameter was 3.40 cm, (range, 0.40-8.80 cm). The prescribed dose for SBRT treatment was 15 to 70 Gy total, divided in 1 to 12 fractions, during 1- 3 weeks.


Table 1 | Lung cancer patients’ clinical and dosimetric characteristics.





Survival Analysis

The Kaplan-Meier OS, LRFS, DDFS, and PFS curves are shown in Figures 1A–D, respectively. A total of 67 patients (58.8%) have died, with a median OS of 40.6 months (95% confidence interval (95%CI), 28.4 - 55.7 months). The 1-, 2-, 3- and 5-year OS rates were 74.8%, 61.7%, 56.3% and 34.7%, respectively. We have observed that 40 patients (35.1%) have had a local cancer recurrence, with a median LRFS of 39.8 months. Altogether, LRFS rates at 1-, 2-, 3- and 5- years were 77.5%, 66.9%, 61.3%, and 57.1%, respectively. Furthermore, 29 (25.4%) patients ultimately developed a distant disease for the entire cohort, with a median DDFS of 97.8 months. In this case, the 1-, 2-, 3- and 5-year DDFS rates were 83.5%, 74.4%, 72.9% and 68.2%, respectively. Cumulatively, tumor progression occurred in 85 patients (74.6%), with a median PFS of 14.3 months (95%CI, 19.0 - 28.4 months). We confirmed that PFS rates at 1-, 2-, 3- and 5-year were 62.2%, 44.0%, 35.8%, and 21.0%.




Figure 1 | Kaplan-Meier curves showing OS (A), LRFS (B), DDFS (C) and PFS (D) over time for the entire cohort. OS, overall survival; LRFS, local recurrence free survival; DDFS, distant disease-free survival; PFS, progression free survival.





Continuous Factors Classification

As shown in Figure 2, the correlation coefficient among pairs of dosimetric factors was > 0.6, which indicated a moderate or high significant correlation between these factors. As displayed in Table 2, except for D95, the VIF values of other dosimetric factors were >10, indicating strong multicollinearity. Therefore, only D95 was included for subsequent analysis and classified by 100Gy. The optimal cut-off values of continuous factors for predicting OS, LRFS, DDFS, and PFS are illustrated in Figure 3. As it can be seen, the optimal cutoff values of NLR based on OS, LRFS, DDFS, and PFS were 3.62, 3.40, 6.13, and 2.91, respectively. The PLR cut-off values were 164.17, 160.71, 170.05, and 114.23, and the cut-off values of equivalent diameter were 1.70cm, 1.70cm, 5.70cm, and 1.70cm, respectively. Moreover, the cut-off values of GTV were 2.40cm2, 2.40cm2, 97.30cm2, and 2.40cm2 and the PTV cut-off values were 71.40cm2, 199.60 cm2, 199.60 cm2, and 36.90 cm2,. The cut-off values of GTVmin/GTVmax were 0.92, 0.92, 0.93, and 0.94, respectively. The PTVmin/PTVmax cut-off values were 0.83, 0.80, 0.83, and 0.83. We classified these factors into two levels according to the above-mentioned values.




Figure 2 | Pearson’s correlation coefficients between pairs of dosimetric factors. D95, the prescription dose covers 95% of the target area; Dmax, the maximum dose in the whole plan; PTVmin, the minimum dose of PTV; PTVmean, mean dose of PTV; PTVmax, the maximum dose of PTV; GTVmin, the minimum dose of GTV; GTVmean, mean dose of GTV; GTVmax, the maximum dose of GTV.




Table 2 | VIF values of dosimetric factors.






Figure 3 | The optimal cut-off values of NLR (A), PLR (B), equivalent diameter (C), GTV (D), PTV (E), PTVmin/PTVmax (F), GTVmin/GTVmax (G) in prognosis of OS, LRFS, DDFS and PFS by X-tile software. NLR, Neutrophil-to-Lymphocyte ratio; PLR, Platelet-to-Lymphocyte ratio; GTV, gross tumor volume; PTV, planning target volume; PTVmin/PTVmax, dose inhomogeneity of PTV; GTVmin/GTVmax, dose inhomogeneity of GTV; OS, overall survival; LRFS, local recurrence free survival; DDFS, distant disease-free survival; PFS, progression free survival.





Prognostic Factors Predicting OS, LRFS, DDFS and PFS

Table 3 outlines the results of univariate analyses, identifying potential prognostic factors associated with long-term outcomes after SBRT. The univariate analysis showed that gender, clinical stage, histology, PTV, PLR, immobilization device, 4DCT (or not), and D95 are associated with OS. At the clinical stage, PTV and immobilization devices were significantly associated with LRFS. It has been observed that the smoking status, clinical stage, Hb, and immobilization device were statistically significant factors for DDFS. In addition, the KPS, clinical stage, histology, PTV, NLR, PLR, immobilization device, and D95 emerged as important potential factors for PFS.


Table 3 | The univariate analysis of clinical and dosimetric predictive factors for OS, LRFS, DDFS and PFS in lung cancer patients treated with SBRT.



Figures 4 and 5 display the multivariable analysis for independent prognostic factors of long-term outcomes. As it can be seen, there were three independent prognostic factors, including clinical stage, immobilization device, and D95 that were associated with the prediction of OS in the multivariate analysis. In addition, the clinical stage and immobilization device were both statistically significant predictive factors of LRFS and PFS. The multivariate model showed that the smoking status, Hb and immobilization device were significant prognostic factors for DDFS. Patients with higher clinical stage tumors have three-fold increased risk of death (hazard ratio (HR), 3.282, 95%CI, 1.630-6.609, p<0.001) and tumor progression (HR, 3.476, 95%CI, 1.803-6.701, p<0.001), five-fold increased risk of local recurrence (HR, 5.060, 95%CI, 2.215-11.562, p<0.001), compared with lower clinical stage. Moreover, for patients fixed with thermoplastic masks, better OS (HR, 0.536, 95%CI, 0.300-0.958, p=0.035), LRFS (HR, 0.510, 95%CI, 0.265-0.982, p=0.044), DDFS (HR, 0.400, 95%CI, 0.181-0.886, p=0.024), and PFS (HR, 0.609, 95%CI, 0.384~0.967, p=0.036) rates could be observed compared to those with vacuum bags. Another important factor was D95, D95≧100Gy was significantly correlated with better OS (HR, 0.459, 95%CI, 0.245-0.862, p=0.015). Non-smokers (HR, 2.627, 95%CI, 1.107-6.233, p=0.029) and anemia (HR, 0.388, 95%CI, 0.169-0.892, p=0.026)were both associated with an increased risk of distant metastasis.




Figure 4 | The forest plot of the multivariate cox regression analyses of risk factors for OS (A), LRFS (B), DDFS (C) and PFS (D). *p-value < 0.05, ***p-value < 0.001. PTV, planning target volume; Hb, hemoglobin; NLR, Neutrophil-to-Lymphocyte ratio; PLR, Platelet-to-Lymphocyte ratio; 4DCT, four-dimensional computed tomography; D, the prescription dose covers 95% of the target area; OS, overall survival; LRFS, local recurrence free survival; DDFS, distant disease-free survival; PFS, progression free survival; HR, hazard ratio; CI, confidence interval.






Figure 5 | Kaplan-Meier curves of OS, LRFS, DDFS and PFS stratified by independent risk factors. OS curves stratified by the clinical stage, immobilization device and D95 (A). LRFS curves (B) and PFS curves (D) stratified by the clinical stage and immobilization device. DDFS curves stratified by the smoking status, immobilization device and anemia or not (C). D95, the prescription dose covers 95% of the target area; OS, overall survival; LRFS, local recurrence free survival; DDFS, distant disease-free survival; PFS, progression free survival.





The Prediction Nomogram Models Construction

In addition, we built four prediction nomogram models to predict 1-year, 2-year, and 3-year OS, LRFS, DDFS, and PFS through integrating corresponding significant factors identified via multivariate analysis (Figure 6). The C-index of the nomogram models for OS, LRFS, DDFS, and PFS were 0.705 (95% CI 0.634–0.777), 0.763 (95% CI 0.690–0.835), 0.688 (95% CI 0.588–0.788), 0.701 (95% CI 0.645–0.757), respectively. The bootstrap-corrected calibration curves showed that the nomogram models for OS, LRFS, DDFS, and PFS all had good prediction efficiency (Figure 7). These results demonstrated that all the four prediction nomogram models might be prognostic tools used for the clinical management of lung cancer patients.




Figure 6 | The nomogram containing identified factors for the 1-, 2-, and 3-year OS, LRFS, DDFS and PFS prediction of lung cancer patients. (A) Nomogram for OS, (B) nomogram for LRFS, (C) nomogram for DDFS and (D) nomogram for PFS. D95, the prescription dose covers 95% of the target area; OS, overall survival; LRFS, local recurrence free survival; DDFS, distant disease-free survival; PFS, progression free survival.






Figure 7 | Calibration curves of each nomogram model. The calibration curves of the 1-, 2-, and 3-year OS prediction nomogram (A), LRFS prediction nomogram (B), DDFS prediction nomogram (C) and PFS prediction nomogram (D). OS, overall survival; LRFS, local recurrence free survival; DDFS, distant disease-free survival; PFS, progression free survival.





Toxicities

As observed, early toxicities (i.e. grade 3 acute radiation pneumonitis) occurred in five patients (4.4%), and overtime late toxicities occurred in 24 patients (21.1%) after treatment. Radiation pneumonitis and bone complications were the most concerning late toxicities in our cohort. Grade 1 and 2 late radiation pneumonitis occurred in 10 (8.8%) and seven patients (6.1%), respectively. Grade 1, 2, and 4 late bone complications occurred in 1 (1.8%), 1 (0.9%), and 3 patients (2.6%), respectively, without grade 3 or 5 toxicities. Furthermore, we found that one patient had both grade 1 radiation pneumonitis and grade 2 late bone complications. No treatment-related fatal events (i.e. grade 5) were seen in our patient group.




Discussion

In this study, we report outstanding OS, LRFS, DDFS, PFS and toxicity of inoperable lung cancer treated with SBRT. Our results confirm that some clinical and dosimetric factors, such as clinical stage, Hb, immobilization device, and D95 correlated with the clinical outcomes. We have established nomogram models based on identified factors, which could predict individual clinical outcomes with satisfactory accuracy. This method is helpful in stratifying patients into low or high-risk groups, optimizing SBRT treatment plans, and guiding follow-up management and strategies. SBRT was the major treatment of choice for medically inoperable patients with primary lung cancer due to its therapeutic effectiveness and the prognosis rival surgical prognosis in operable patients, and previously reported low rates of toxicity and side effects (2, 3). Baumann et al. (17) presented results of a formal phase II clinical trial using SBRT regimen in NSCLC patients, with a 1-year, 2-year, 3-year OS of 86%, 65%, 60%, and a 3-year LRFS and PFS of 92% and 52%. Our literature review also confirmed that other studies described similar clinical outcomes (18). Our results were comparable to those reports: the OS for lung SBRT at 1-, 2-, 3- and 5- years were 74.8%, 61.7%, 56.3% and 34.7%, respectively, with LRFS, DDFS, PFS still acceptable at 1-, 2-, 3- and 5-year. We have also concluded that toxicity was an endpoint of concern, so our results are consistent with other reported studies. We verified a rate of 7% of grade 3 or higher toxicities, indicating that the safety of SBRT is reassuring (19).

Our data, along with the results explained in other similar reports, have demonstrated that the clinical stage has been associated with OS, LRFS, and PFS. We found that patients with lower clinical stage had a better OS, LRFS and PFS than that of patients with more severe clinical stage (20, 21). Some clinical trials indicate that larger tumors require higher doses (22). In order to lower treatment-related toxicity, we did not change the dose and fraction schedule according to the tumor size, and this may be the reason for the decrease of OS, LRFS, and PFS in patients with more severe clinical stages. Another possibility is that lung CT would underestimate the tumor size under the microscope. However, SBRT does not point at the microscopic extension (23). Therefore, the clinical stage was taken as an independent prognostic factor for OS, LRFS, and PFS, and should be considered in making treatment decisions.

Device accuracy provides high dose radiation to the target volume while avoiding harming organs at risk. Thus, it can be said that an accurate, reproducible, and appropriate immobilization device is essential for lung cancer patients treated with SBRT (24, 25). In addition, whether the type of immobilization system has a significant impact on long-term outcomes in patients with this disease is worth studying and paying further attention. We found that patients fixed with thermoplastic masks had significantly better results than those with vacuum bags and found other publications that reinforced our conclusions. For instance, Navarro-Martin et al. (26) observed that thermoplastic masks have better reproducibility and significantly reduce the effect of respiration, tumor displacement, and set-up errors compared to vacuum bags. Our results also confirm that thermoplastic masks may be better than vacuum bags for the localization system used during SBRT treatments of lung cancer patients.

In the multivariate analyses of dosimetric factors, only D95 was highly correlated. Several published studies have already shown that BED≧100Gy is significantly correlated with better OS (27), and it is in line with practical guidelines (4, 28). Our findings concurred with Guckenberger’ results that proved that D95≧100Gy was most significantly correlated with a better probability of OS. Therefore, on the premise of no contraindications, the prescription dose in BED of lung SBRT should be ≧100Gy.

In some cohort studies for lung cancer patients, the presence of anemia was considered a significant independent factor for worse outcomes (29, 30). Our result is consistent with historical reports that anemia is an independent risk factor associated with poor DDFS in univariate analysis and multivariate analyses. Diminished oxygen availability or hypoxia can increase tumor aggressiveness and promote cancer recurrence and metastasis via several potential mechanisms, such as the production of growth factors and reduction of apoptotic potential (31, 32). On the basis of our results, we recommend that diagnosis and correction of anemia should be considered before and during treatment. As previously demonstrated by Underner M. et al. (33), smoking was an independent risk factor related to adverse outcomes. On the contrary, we found that smokers are less likely to have distant metastasis. This may be due to the short follow-up time of some cases, which limits the capture of distant metastasis of smokers.

Other scholars in the field have previously studied the association between clinical and dosimetric factors and its clinical outcomes. However, multiple factors are rarely combined to evaluate prognosis. Nomograms can integrate multiple factors into a mathematical model that graphically shows the probability of clinical outcomes (34). What’s more, nomograms were considered more accurate and effective tools in predicting the prognosis (35). In our study, four prediction nomogram models were built based on identified clinical and dosimetric factors to effectively predict the probability of 1-, 2-, and 3-year clinical outcomes in different lung cancer patients. Similarly, the calibration curves showed satisfactory consistency between the nomogram models and the practical observation results. This prognostic information of nomograms can guide physicians to make accurate clinical decisions for individual patients, including appropriate SBRT regimens planning and future systematic treatment strategy, which is helpful in prolonging patients’ survival and improving their quality of life. Considering the small sample issues, we did not divide patients into training and validation groups, which is why the internal verification method was adopted in our study.

Some of the limitations of our study include its retrospective nature and heterogeneity of fraction schedules. Our results should be further examined in a larger prospective randomized comparative clinical trial. Additionally, some lung cancer patients did not have pathological confirmation of pulmonary lesions. However, SBRT may be a safe and practical choice for pulmonary lesions without pathological warranty, and its therapeutic effect is almost the same as that of patients suffering from non-small cell lung cancer (36).



Conclusions

In conclusion, we successfully demonstrated that SBRT for lung cancer patients achieves good OS, LRFS, DDFS, and PFS, while maintaining acceptable severe toxicity rates. Furthermore, our data also indicates that the clinical stage, Hb, immobilization device, and D95 are independent prognostic factors for the clinical outcomes. Moreover, the nomograms we proposed are good for 1-, 2-, and 3-year OS, LRFS, DDFS, PFS prediction for lung cancer patients undergoing SBRT.
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Characteristics

Counts (%)/Median (range)

Gender
Man/Woman
Agelyears]
<60/260
Smoking status
Current/Former/Never
KPS
<80/280
BMI [kg/m2]
Underweight/Normal weight/Overweight
Clinical stage
v
Location
Central/Peripheral
Histology
Adenocarcinoma/Sguamous cell carcinoma/Unknown
Equivalent diameter [cm]
GTV [cm?]
PTV [cm?
Ho [g/L]
Anemia/Normal
NLR
PLR
Chemotherapy
Yes/No
4DCT
Yes/No
Immobilization device
Vacuum bag/Thermoplastic mask
D95 [Gy]
Dmax [Gy]
PTVmin [Gy]
PTVmax [Gy]
PTVmean [Gy]
GTVmin [Gy]
GTVmax [Gy]
GTVmean [Gy]
PTVmin/PTVmax
GTVmin/GTVmax

94 (82.5%)/20 (17.5%)
25 (21.9%)/89 (78.1%)
79 (69.3%)/3 (2.6%)/32 (28.1%)
4 (12.3%)/100 (87.7%)
25 (21.9%)/77 (67.5%)/12 (10.5%)
51 (44.79%)/15 (13.2%)/6 (14.0%)/32 (28.1%)
25 (21.9%)/89 (78.1%)

56 (49.1%)/37 (32.5%)/21 (18.4%)
3.40 (0.40~8.80)
20.95 (0.10~359.60)
72.55 (6.70~585.30)

43 (37.7%)/71 (62.3%)
2.55 (0.05~30.08)
131.90 (44.33~1125.00)

24 (21.1%)/90 (78.9%)
45 (39.5%)/69 (60.5%)

45 (39.5%)/69 (60.5%)
96.00 (22.50~180.00)
114.33 (25.51~490.87)
79.48 (20.19-332.63)
114.33 (25.51~490.87)
103.69 (23.41~439.73)
98.06 (21.94~419.09)
113.28 (25.51~466.59)
105.92 (23.63-441.19)
0.80 (0.41-0.92)
0.91 (0.70-0.99)

KPS, Karnofsky performance status; BMI, body mass index; PTV, planning target volume; GTV, gross tumor volume; Hb, hemoglobin; NLR, Neutrophil-to-Lymphocyte ratio; PLR, Platelet-
to-Lymphocyte ratio; 4DCT, four-dimensional computed tomography; D95, the prescription dose covers 95% of the target area; Dmax, the maximum dose in the whole plan; PTVmin, the
minimum dose of PTV; PTVmean, mean dose of PTV; PTVmax, the maximum dose of PTV; PTVmin/PTVmax, dose inhomogeneity of PTV; GTVmin, the minimum dose of GTV; GTVmean,

mean dose of GTV: GTVmax, the maximum dose of GTV: GTVmin/GTVmax, dose inhomogeneity of GTV.





