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Purpose

This study reviewed palliative radiation therapy (RT) practices and outcomes and compared the percentage of remaining life spent receiving RT (PRLSRT) in patients treated for osseous metastases.





Methods

A retrospective analysis was conducted using the National Cancer Database (2010–2016) to evaluate metastatic patients who received palliative bone RT. Common palliative RT schemes were analyzed to determine treatment patterns and outcomes. Palliative outcomes, including median PRLSRT, RT completion, and mortality rates, were calculated. Binary logistic regression was performed to identify factors affecting RT completion, and a scoring system was developed to identify patients at risk for poor palliative outcomes.





Results

A total of 50,929 patients were included, with the majority diagnosed with NSCLC (45.2%), breast cancer (15.1%), or prostate cancer (10.8%). The median overall survival after palliative RT was 5.74 months. Patients receiving lower doses per fraction (2.5 Gy/Fx) tended to be younger, healthier, and yet experienced worse palliative outcomes. Binary logistic regression identified age, race, income quartile, and Gy/Fx as significant factors affecting RT completion. Median PRLSRTs were as follows: 14.95% for GI NOS, 9.89% for upper GI, 9.46% for NSCLC, 8.67% for skin, 7.06% for SCLC, 6.10% for lower GI, 5.59% for GYN, 5.44% for GU, 5.35% for HNC, 2.05% for endocrine, 2.03% for prostate cancer, and 1.82% for breast cancer. Patients receiving 2.5 and 3 Gy/Fx were less likely to complete RT compared to those receiving 4 Gy/Fx (OR, 1.429 and 3.780, respectively; p < 0.001). Age, comorbidities, primary tumor, target location, and metastatic burden were associated with PRLSRT ≥ 25%.





Conclusion

Dose regimens and patient selection influence palliative bone RT outcomes. Both factors should be carefully considered to minimize the burden of care and maximize treatment benefits.
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Introduction

Bone metastasis is a prevalent complication of advanced cancer, with the skeletal system being the third most common site for metastases in patients with solid tumors (1). Solid tumor cancers that have spread to the bone can cause pain, neurological issues, and fractures, negatively impacting patients’ quality of life. Palliative radiotherapy (RT) is used to alleviate pain, prevent or reduce neurological dysfunction, and maintain bone stability (2). Various radiation doses have been studied, and fractionation schedules of 8 Gy/1 Fx, 20–24 Gy/5–6 Fx, 30 Gy/10 Fx, and 35–37.5 Gy/14–15 Fx are widely used to treat bone metastases (3–6). However, for patients with end-stage cancer, radiation dose fractionation and the number of treatments can significantly impact their quality of life. Additionally, physicians often underestimate the physical, financial, and logistical burden of treatment on terminally ill patients, while also overestimating their prognosis (7, 8). Therefore, assessing the impact of treatment schemas on palliative outcomes is crucial for improving patients’ quality of life (9, 10). This study aims to review current palliative RT practice patterns and evaluate the effectiveness of various treatment schemes.





Materials and methods

Using the National Cancer Database, we evaluated patients with solid tumors and known osseous metastases who received RT to the bone between 2010 and 2016. Patients were selected based on radiation treatment volume codes (42, 80–86, 88, 98, 99) and common palliative RT dose-fractionation schemes (35–37.5 Gy/14–15 Fx, 30 Gy/10 Fx, 20–24 Gy/5–6 Fx, and 8 Gy/1 Fx). Exclusion criteria included patients receiving SBRT, those with unknown or missing RT doses, unknown or unspecified treatment volumes, dose-fractionation schemes indicative of potential primary treatment, and patients with hematologic or unknown primary cancers. Practice patterns were analyzed to identify common palliative RT schemes in relation to patient demographics, overall survival, and palliative outcomes, including RT incompletion rates and the percentage of remaining life spent receiving RT (PRLSRT).

Median survival was calculated from the start of RT and from the initiation of any treatment intervention. Cox proportional hazards analysis was conducted to identify factors correlated with overall survival from the start of any intervention. Mortality rates after starting RT were calculated and compared across dose-fractionation regimens to evaluate palliative outcomes. Patients who died within 2 days of starting RT were classified as having died during treatment. Radiation completion was assessed by comparing each dose per fraction with the anticipated total dose according to common fractionation schemes. Binary logistic regression was conducted to evaluate RT course completion based on significant patient characteristics and dose-per-fraction.

Additionally, we calculated the PRLSRT as follows:

	

To ensure data accuracy, reported elapsed days were compared with the number of fractions administered, with the mode of elapsed days used to resolve discrepancies. Median PRLSRT was calculated based on primary tumor locations and radiation schemes. Patients were stratified into four groups by PRLSRT for further demographic and treatment evaluation. Regimen incompletion rates and median PRLSRTs were also analyzed.

To identify variables contributing to worse PRLSRT outcomes, the total cohort PRLSRT was hypothesized and recalculated for all patients, assuming they had received the most common RT regimen (30 Gy/10 Fx). Patients with a death or last known contact within 12 days were assigned a PRLSRT of 100%. Binary logistic regression was performed on a randomly selected half of the cases to identify factors associated with a PRLSRT ≥ 25% under a 30-Gy/10-Fx regimen. A predictive score was established using the odds ratio of variables from the regression, and ROC analysis was conducted on the tested data before validation with the remaining unselected cases. The predictive scoring system was used to determine the percentage of patients likely to experience PRLSRT ≥ 25% under a hypothetical 10 Fx scheme at each scoring interval. The hypothetical median PRLSRT for each scoring interval was also reported.

This project qualifies as exempt from IRB oversight due to the nature of the dataset, as the use of de-identified data for research purposes complies with ethical standards and does not require specific ethics approval.




Statistical analysis

Statistical analyses were performed using SPSS version 27. Univariate evaluations were conducted using ANOVA, t-tests, or Chi-square tests. Kaplan–Meier curves with log-rank tests and Cox regression models were used to analyze survival outcomes, identify hazard ratios, and determine factors influencing patient survival. Binary logistic regression was applied to assess the likelihood of RT completion and PRLSRT > 25% in a theoretical 30 Gy/10 Fx dose regimen, with model evaluation performed using the Hosmer–Lemeshow test. Overall survival and mortality rates were calculated, and the hazard ratios (HR) for Cox regression and odds ratios (OR) for binary logistic regression were reported with 95% confidence interval (CI). Statistical significance was set at an alpha of 0.05, with p-values < 0.05 considered significant.






Results

Between 2010 and 2016, a total of 50,929 patients underwent palliative RT for osseous metastases. The cohort’s median age was 66 years, with 38.8% of patients over 70. Caucasian patients comprised 84.1% of the cohort, and nonsmall cell lung cancer (NSCLC) was the most common primary cancer, accounting for 45.2% of cases. In 56.6% of patients, the bones were the only metastatic site. The majority (65.4%) received systemic chemotherapy, while 8.4% underwent surgical intervention. Regarding RT technique, 77.9% of patients received EBRT (NOS), 17.6% received 3D conformal RT, 3.3% received IMRT, 0.8% received 2D RT, and 0.3% received an unknown or other RT technique.

RT dose fractionation was stratified based on patient demographics and various characteristics, as outlined in Table 1. Supplementary Table S1 presents demographic stratification by primary tumor site. The most common RT regimen was 3 Gy/Fx (60.1%), while the least common was 8 Gy/Fx (7.0%).


Table 1 | Patient demographics by dose fractionation.



The median survival for all patients was 6.4 months from the first treatment intervention and 5.7 months after initiating palliative RT. Patients with breast, endocrine, and prostate cancer had the longest median survival times of 25.0, 21.5, and 21.4 months, respectively, from the start of the first intervention. In contrast, those with gastrointestinal not-otherwise-specified (GI NOS), upper GI, and NSCLC had the shortest median survival times, at 2.5, 3.5, and 3.9 months, respectively.

Patients with only metastatic bone lesions had a significantly better prognosis than those with metastases in additional organ systems, with median survival times of 8.8 and 3.5 months, respectively (Supplementary Table S2). Approximately one in five patients died within 30 days of starting RT. Among fractionation schemes, patients receiving 2.5 Gy/Fx had the highest mortality rate during RT (1.4%), while those receiving 8 Gy/Fx had the highest mortality rate within 90 days of completing RT (46.7%), as shown in Supplementary Table S3.

Excluding the 3,586 patients who received 8 Gy/Fx, 15.1% of patients experienced incomplete radiation courses. Among them, 27.6% of patients receiving 2.5 Gy/Fx, 12.6% of patients receiving 3 Gy/Fx, and 9.0% of patients receiving 4 Gy/Fx did not complete their prescribed treatment (Figure 1). Patients with primary GI NOS tumors or small-cell lung cancer (SCLC) receiving 2.5Gy/Fx had the highest incompletion rates (30.0% and 41.8%, respectively); whereas those with prostate or endocrine primary tumors receiving 4 Gy/Fx had the lowest rates (4.7% and 2.6%, respectively).




Figure 1 | Incompletion rates by dose fractionation and primary site (A–C).



Binary logistic regression analysis identified age ≥ 70, race, lower income quartile, and lower Gy/Fx as significant factors associated with incomplete RT courses. Patients aged ≥ 70 were more likely to experience incomplete RT (OR, 1.36; p < 0.001). Additionally, those receiving 2.5 Gy/Fx had a higher likelihood of incomplete RT compared to those receiving 4 Gy/Fx (HR, 3.780; p < 0.001) (Supplementary Table S4).

Median PRLSRT was positively correlated with the total number of anticipated fractions per the standard scheme, as shown in Figure 2. Patients undergoing 2.5 Gy/Fx had a median PRLSRT of 8.24%, whereas those receiving 8 Gy/Fx had a median PRLSRT of 0.80%. Among patients treated with 8 Gy/Fx, those with breast cancer had the lowest median PRLSRT (0.17%), while patients with GI NOS receiving 2.5 Gy/Fx had the highest median PRLSRT (24.67%).




Figure 2 | Median PRLSRT by dose fractionation and primary tumor site (A–C).



Patients with more comorbidities, older age, metastatic involvement in multiple organ systems, and lower dose per fraction were more likely to have proportionally higher PRLSRTs. These were stratified into four groups: PRLSRT < 10%, 10% to < 25%, 25% to < 50%, and ≥ 50% (Supplementary Table S5). Additionally, a scatter plot was generated to illustrate the correlation between PRLSRT and incompletion rates.

Binary logistic regression identified factors that may affect the likelihood of a patient experiencing ≥ 25% PRLSRT in a hypothetical 10 Fx course. Significant factors included age, primary tumor site, bone metastasis location, metastatic organ involvement, and Charlson–Deyo Score (Supplementary Table S6). Using these variables, a predicted score was developed and validated in an unselected cohort (Table 2). The tested and validated cohorts demonstrated a fair predictive model (with ROC curve analysis yielding AUC values of 0.702 and 0.713, respectively). With a score of 9, 25.01% of patients were predicted to have a PRLSRT ≥ 25%, with a hypothesized median PRLSRT of 9.53% when undergoing a 30-Gy/10-Fx regimen (Figure 3).


Table 2 | Score Assignment based on patient demographics.






Figure 3 | Percentage of patients with PRLSRT ≥ 25% by predicted score (A–C).







Discussion

Bone metastases are an ominous sign in many primary tumor sites and are associated with poor patient prognosis (11–13). RT can improve the quality of life for patients with limited life expectancy (2, 14). However, RT regimens should be carefully selected to minimize treatment burden while maximizing benefits (3, 15–17). In this study, we evaluated patient survival, RT completion rates, and PRLSRT. We also analyzed socioeconomic demographics to identify risk factors for incomplete RT and developed a predictive model to assist physicians in selecting appropriate palliative RT regimens for patients with bone metastases.

Our study found that patients with fewer comorbidities and a more limited metastatic organ burden were more likely to undergo protracted treatments compared to those receiving 8 Gy/1 Fx. Additionally, patients with primary cancers associated with improved prognoses were increasingly likely to receive protracted treatments. This trend aligns with multiple studies; despite single-fraction RT offering noninferior pain control and similar toxicity rates, physicians may hesitate due to concerns about retreatment in patients with longer predicted survival (15, 18, 19). However, our findings highlight an underutilization of single-fraction treatments in the USA, despite a median overall survival of less than 6 months from RT initiation and 15.1% of patients receiving an incomplete multifraction regimen (20).

In addition, our study suggests that physicians tend to overestimate patient survival rates, particularly for those with only weeks to live. This inaccuracy decreases as survival extends beyond 6 months. Our reported 30-day mortality rate—approximately one in five patients—aligns with published data, and the median survival for the total cohort was under 6 months from RT initiation (7, 8). Given that palliative RT may take weeks for its therapeutic benefits to manifest, it is crucial for physicians to ensure that patients experience relief from their intervention, especially considering their high mortality rates (16, 17). From this perspective, we advocate for the use of single-fraction palliative RT to minimize treatment burden for those with the poorest predicted prognoses.

Patients who do not complete their RT regimens may experience worse outcomes, including reduced local control, increased healthcare costs due to retreatment, the potential development of radioresistant tumors, and higher mortality (21). Incomplete radiation may also indicate that the prescribed treatment was too long, the patient was too ill, had limited financial or social resources, or that the burden of treatment outweighed its perceived benefit. Patients with primary site cancers and poor prognoses are less likely to complete their treatment, and low-dose per fraction schemas may increase the risk of partial treatment. Incomplete RT courses were more common in patients aged 70 or older, had lower incomes, were white, or were undergoing protracted regimens. Although older age has been associated with increased RT incompletion rates, further studies are needed to assess additional risk factors. While our study data do not allows for a comprehensive evaluation of the underlying causes, patients with poorer functional status and advanced age may be more vulnerable to treatment incompletion. Additionally, since RT completion is influenced by patients’ socioeconomic stability, the burden of protracted treatments is greater for those with lower incomes. Finally, physicians may choose to truncate an RT regimen as a patient’s clinical course evolves over time.

In this study, PRLSRT was used to assess the efficacy of palliative treatments concerning patient mortality. Gripp et al. proposed PRLSRT as a metric for evaluating palliative RT utilization in end-stage cancer patients. Although their patient cohort differs significantly from ours, we found this tool valuable in encapsulating the therapeutic benefit and treatment burden of palliative interventions retrospectively, even without patient-reported quality of life metrics (22). By utilizing PRLSRT, large-scale patient population analyses can be conducted to support further prospective studies and assess practice trends over time.

Previously published studies on PRLSRT outcomes suggest improvements in practice trends. Abdelhakiem et al. specifically evaluated breast cancer patients with bone metastases from 2004 to 2013 using NCDB data and found a median PRLSRT of 2.5% (23). Our study indicates further improvement in practice patterns within a similar cohort, as the median PRLSRT for breast cancer patients with bone metastases from 2010 to 2016 was 1.82%. This enhancement in palliative metrics aligns with ASTRO’s 2013 Choosing Wisely recommendations, which advocate for shorter palliative RT courses and emphasize single-fraction treatments for patients with transportation difficulties or poor functional status over protracted regimens. When stratifying the total cohort by PRLSRT, we found that patients with the highest PRLSRTs were older, had more comorbidities, and had metastases in multiple organ systems. Additionally, the location of the treated bone lesion was statistically significant, with patients receiving palliative RT to the extremities having better outcomes than those with spine lesions.

Although speculative, the observed difference in outcomes may be multifactorial. Patients with spinal involvement may present with symptoms of compression rather than pain, may be more likely to experience worsened side effects with higher doses per fractionation, and tend to have a poorer prognosis compared to those with extremity lesions. Additionally, clinicians may face limitations in using single-fraction treatments due to a greater disease burden at diagnosis or anatomical constraints. Intuitively, we found that patients with higher rates of PRLSRT were more likely to receive an incomplete treatment course of RT, as significant deterioration or death during treatment would inevitably lead to a truncated regimen.

To aid in the decision-making process for palliative radiotherapy, we developed a predictive scoring system to identify patients at higher risk of experiencing ≥ 25% PRLSRTs with the most common RT regimen, 30 Gy/10 Fx. For the 2-week treatment course, this corresponds to surviving 6 weeks after completing treatment. Our model found that the primary tumor site was the most significant predictor of poor PRLSRT outcomes; however, other factors such as patient comorbidities, age, metastatic burden, and bone met location should also be considered. The use of objective measures can help minimize physician bias, which may lead to poor palliative RT utilization. Based on our analysis, we recommend that patients with a score of ≥ 9 undergo a shorter fractionation scheme, as one in four patients with this score experienced a PRLSRT ≥ 25%. As Jones et al. state, “If radiotherapy at the end of life is to be incorporated as a quality indicator, we would recommend using the PRLSRT as the indicator with a cutoff of 10%”. This recommendation aligns well as a proposed cutoff, as the median PRLSRT for a score of 9 in this theoretical cohort was 9.53% (17). The choice of palliative RT fractionation is complex, but our scoring system may provide valuable guidance for clinicians.

While our retrospective data support the use of 8 Gy/1 Fx treatments to minimize PRLSRT and increase completion rates, we must also consider the potential risks of retreatment and late toxicities. Our dataset lacked information on pain response, logistical burden, and the financial impact of treatment on patients, making it difficult to evaluate their quality of life during and after RT. Moreover, our PRLSRT calculation was based on an estimated treatment schedule, and life expectancy was calculated from the start of RT to the last patient contact or death.

Using this retrospective data, physicians can tailor their palliative RT course selection to better suit each patient’s needs, considering overall survival, treatment logistics, and symptom control. Further research is necessary to assess the impact of dose-fractionation schedules for palliative RT on symptom control, patient socioeconomic burden, practitioner machine utilization, and perceived quality of life improvement for patients/families. Prospective studies can evaluate our predictive scoring system and address the limitations of this retrospective study by providing a more in-depth analysis of patient outcomes.

In conclusion, palliative RT requires a delicate balance, considering various factors that influence patient outcomes and quality of life. Our retrospective data provide valuable insight into the benefits of 8 Gy/1 Fx treatments, but further research is necessary to fully determine the best approach for palliative RT. Additional studies can help identify the optimal dose-fractionation schedule and assess its impact on patient’s lives, guiding physicians in selecting the most appropriate treatment course.
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