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Objective

To compare the therapeutic effects and adverse reactions of sterilizing rare earth carbonate combined with concurrent chemoradiotherapy and simple concurrent chemoradiotherapy in the treatment of late-stage non-small cell lung cancer (NSCLC), and to analyze the reasons for the differences.





Method

A total of 817 patients with pathologically diagnosed late-stage NSCLC from June 1, 2021 to December 30, 2022, in the affiliated hospital of Kunming University of Science and Technology, were selected. They were randomly divided into a control group of 394 people and an experimental group of 423 people. The control group was given concurrent chemoradiotherapy (cisplatin + etoposide), while the experimental group simultaneously took a low dose of sterilized rare earth carbonate (0.05mg/Kg). The χ² test and Fisher’s test were used to compare the clinical pathological features, objective response rate (ORR), ECOG score, and adverse reactions of the two groups of patients, while survival analysis was used to compare the progression-free survival (PFS) of the two groups. Cox regression analysis was used to test factors related to prognosis.





Results

The differences in clinical pathological features between the two groups of patients were not statistically significant, with all P>0.05. The ORR of the control group was 45.18% (178/394), and the experimental group was 89.83% (380/423), with a statistically significant difference (P=0.001). After treatment, the ECOG score of the experimental group was lower than that of the control group, P<0.001. The adverse reaction grading of patients in both groups was below level 3 after treatment, and no treatment-related fatalities occurred. The risk of pulmonary infection and bone marrow suppression in the experimental group was lower than that in the control group.





Conclusion

In late-stage NSCLC patients, compared with simple concurrent chemoradiotherapy, the combination of concurrent chemoradiotherapy and sterilizing rare earth carbonate can significantly improve the short-term therapeutic effect and prognosis of patients, with good safety.
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1 Introduction

Among the plethora of malignant neoplasms encountered in clinical oncology, pulmonary carcinoma (CA) prominently stands out. Data from 2020 elucidates that China bore witness to an estimated 715,000 fatalities attributed to this pernicious ailment, representing a staggering 40% of the global mortality rate from pulmonary carcinoma (1–3). The subtype known as Non-small cell lung cancer (NSCLC) predominates, constituting approximately 85% of the cases. In recent years, the incidence and mortality rates of NSCLC in various countries around the world have been on the rise, making NSCLC a significant disease that severely threatens global health (4–6). At the juncture of initial diagnosis, a significant proportion, approximately 30%, of individuals afflicted with NSCLC find themselves grappling with an advanced stage of the disease, tragically bypassing the window of opportunity for surgical intervention (7–9). The prevailing modality of treatment, subscribed to for stage III NSCLC patients bereft of surgical prospects, hinges on the synchronized application of chemotherapy and radiotherapy (10, 11). Despite the aggressive treatment regimen, the half-decade survival metrics offer a somber picture, delineating a survival rate that languishes between 25% and 30%. Sterilized rare earth carbonate (REC) is a mixture of rare earth carbonates and is widely used in various fields such as industry and medicine (12–15). Due to the high cost-effectiveness and strategic value of RCE, REC is considered an important resource in industrial production. Exploration of REC’s functionality has never ceased, and recent studies have found that REC has inhibitory effects on various cancers (16–18). Central to understanding the prognosis and guiding treatment strategies in non-small cell lung cancer (NSCLC) is the TNM staging system. TNM, an acronym for Tumor, Node, Metastasis, is a universally adopted classification system that describes the extent of cancer spread. The ‘T’ denotes the size and extent of the primary tumor, with higher numbers (T3, T4) indicating larger or more invasive tumors. This staging provides crucial information for the selection of appropriate therapeutic approaches and for understanding the potential challenges and prognostic implications in managing late-stage NSCLC.Several studies indicate that concurrent chemoradiotherapy combined with sterilized rare earth carbonate can significantly improve the short-term therapeutic effects and prognosis for cancer patients (19–21). Ding etal’s study (22) suggests that REC can be a potential drug for cancer. Dot etal’s study (23) has clinically proven that REC can inhibit PD-1 and PD-L1, thereby enhancing the activity of cytotoxic T lymphocytes (CTL), and subsequently preventing tumors from immune escape.

Currently, more and more scholars are combining low doses of REC in the treatment of various cancers to improve patient survival rates (24–26). Against this backdrop, the primary objective of this study is to evaluate the therapeutic efficacy and safety of sterilized rare earth carbonate combined with concurrent chemoradiotherapy in the treatment of late-stage NSCLC patients. Specifically, we hypothesize that the addition of REC to the standard treatment regimen may enhance therapeutic outcomes and survival rates in this patient population. Through this investigation, we aim to contribute valuable insights and offer a reference point for future research exploring the role of REC in cancer treatment.




2 Patients and methods



2.1 Case selection and baseline information

Participants for this study were identified from a cohort of patients with advanced NSCLC who were admitted to the affiliated hospital of Kunming University of Science and Technology between June 1, 2021, and December 30, 2022.

Inclusion Criteria:

	Diagnosis: Patients who received their first pathological diagnosis of advanced NSCLC, categorized according to the 8th edition of the TNM classification system.

	Age Range: Participants aged between 18 and 70 years were considered.

	Performance Status: An Eastern Cooperative Oncology Group (ECOG) performance status score ranging from 0 to 2.

	Life Expectancy: An anticipated survival duration of at least 6 months.

	Lesion Criteria: Presence of at least one measurable lesion in the lung or mediastinum, as per the Response Evaluation Criteria In Solid Tumors (RECIST) version 1.1 standards.

	Consent: Voluntary participation with signed informed consent.



Exclusion Criteria:

	Family Cancer History: A familial history of cancer.

	Concurrent Malignancies: Presence of other malignant tumors within the past 5 years.

	Autoimmune Diseases: Active, known, or suspected autoimmune disease.

	Prior Immunotherapy: Previous treatment with any T-cell co-stimulation or immune checkpoint inhibitors.

	Cardiovascular and Cerebrovascular Conditions: Severe cardiovascular or cerebrovascular diseases.



These criteria were meticulously applied to ensure a well-defined study population and to control for confounding variables that could impact the evaluation of the therapeutic efficacy of rare earth carbonate in combination with chemoradiotherapy in late-stage NSCLC.

A total of 817 NSCLC patients were included, with the baseline data shown in Table 1. They were randomly divided into a control group (concurrent chemoradiotherapy, n=394) and an experimental group (concurrent chemoradiotherapy + REC, n=423), with both groups undergoing complete gene testing and collection of patient data and telephone follow-ups. Patients gave informed consent before treatment enrollment, approved by the Ethics Committee of Kunming University of Science and Technology, with approval number KMUST202102558456.”


Table 1 | Patient baseline information.






2.2 Treatment regimen

Experimental group:

Radiation Therapy: Utilizing a 10 MV-X medical linear accelerator for Intensity-Modulated Radiation Therapy (IMRT), delineating all tumor target areas and organs at risk. Conventional segmented radiation therapy was applied with a single dose of 6Gy, administered 3 times a week, for a total radiation dose of 30 Gy.

Chemotherapy: Etoposide injection 50 mg/m², administered continuously for 5 days, with a daily intravenous infusion lasting 4 hours; the therapy repeated every 28 days. Cisplatin injection 40 mg/m², administered once every 28 days.

Combined with REC: Daily intake of low-dose REC (0.05mg/kg).

Control group:

Adopted the same radiation and chemotherapy plan as the experimental group, but without combining with REC.




2.3 Standards for evaluating the effectiveness

Comparing the short-term clinical efficacy, adverse reactions, and six-month progression-free survival (PFS) of patients in both groups. Four weeks after concurrent treatment, comprehensive radiological and hematological examinations were completed, and the treatment effect on target lesions was assessed according to the RECIST 1.1 version. Adverse events were graded according to the Common Terminology Criteria for Adverse Events. The formulas for calculating the objective response rate (ORR) and disease control rate (DCR) are as follows:

	

	




2.4 Statistical methods

In the rigorous analysis of our collected data, we employed the statistical software SPSS 25.0. For the comparative analysis of qualitative data, we selected specific methodologies based on their appropriateness for our data types. The χ² test was used primarily for its efficacy in evaluating categorical data with larger sample sizes, while Fisher’s exact test was reserved for smaller sample sizes or instances where the χ² test’s assumptions were not met. To assess the PFS of patients, we employed the Kaplan-Meier estimator, renowned for its ability to generate survival probability estimates over time despite censored data. In identifying potential prognostic factors, Cox regression analysis was utilized due to its capacity to handle multiple covariates and its appropriateness for survival data, where the proportional hazards assumption applies. The decision to set the α level at 0.01, as opposed to the more common 0.05, was made to reduce the probability of type I errors (false positives), thereby ensuring a higher threshold for establishing statistical significance. This stringent criterion was deemed necessary due to the potential implications of our findings for clinical practice, where the accuracy and reliability of results are paramount. The adoption of this conservative α level implies that only those findings that demonstrate a very strong association (with a probability of less than 1% under the null hypothesis) are considered statistically significant, thereby bolstering the robustness and credibility of our conclusions.





3 Results



3.1 Baseline information

As delineated in Table 1, the foundational attributes of the participants enrolled in both the experimental and control cohorts are meticulously cataloged. Encompassing 394 individuals, the control assembly forms a critical comparison base to the slightly more populous experimental contingent, which is constituted of 423 patients. A rigorous statistical analysis yielded that the demographics and baseline characteristics distributed across both groups remained homogenized, failing to showcase any statistically significant differentiation (P>0.05). According to the TNM staging, the control group had 163 cases in stages T1-2 and 231 cases in stages T3-4; whereas, the experimental group had 154 cases in stages T1-2 and 269 cases in stages T3-4. There was no statistically significant difference in the TNM staging between the two groups (P>0.01).




3.2 Short-term efficacy

As shown in Table 2, a critical examination of the objective response rate (ORR) reveals a palpable dichotomy between the control and experimental factions, registering at 45.18% (178/394) and 89.83% (380/423) respectively — a disparity that unequivocally achieves statistical significance (p<0.01). Concurrently, the disease control rate (DCR) demonstrates a convergence between the groups, with figures standing at 85.28% (336/394) for the control and a marginally elevated 85.58% (362/423) for the experimental cohort; a comparison that, upon statistical scrutiny, fails to yield a significant divergence (P>0.01).


Table 2 | The recent efficacy of the two groups of patients.






3.3 Adverse reactions

As shown in Table 3, the most common adverse reactions in the control group were lung infections (253/394, 64.21%), bone marrow suppression (196/394, 49.75%), and radiation pneumonia (102/394, 25.89%). Meanwhile, the experimental group most frequently experienced lung infections (172/423, 40.66%), bone marrow suppression (129/423, 30.49%), and radiation pneumonia (42/423, 31.91%). In the clinical trial under scrutiny, the experimental cohort exhibited an elevated propensity for incurring radiation-induced pneumonia relative to their counterparts in the control group, a distinction that did not, however, attain statistical significance at the established threshold (p>0.01). Remarkably, the experimental aggregation witnessed a diminution in the occurrence of both bone marrow suppression and pulmonary infections, a variation substantiated with statistical significance (p<0.01). It merits note that both investigative groups maintained a safety profile with no recorded incidents of adverse reactions exceeding a grade 3 severity, and conspicuously absent were any fatalities attributable to the treatment protocols.


Table 3 | Comparison of adverse reactions between the two groups.






3.4 ECOG score

As shown in Table 4, the preliminary analysis of the patients’ ECOG performance statuses exhibited no discernible statistical distinction between the experimental and control cohorts prior to the therapeutic intervention (P>0.01). Subsequent to the treatment regimen, the experimental group manifested a marked enhancement in physical well-being, a fact underscored by the pronounced reduction in their ECOG scores relative to the control group — a disparity that was corroborated statistically (P<0.001). When engendering a juxtaposition of the pre-and post-treatment ECOG metrics, a trend of elevating scores became apparent in the control assembly, contrasting starkly with the diminishing scores evinced in the experimental contingent in the post-treatment phase.


Table 4 | Comparison of ECOG scores between the two groups of patients before and after treatment.






3.5 Prognostic factors

Potential factors influencing prognosis were incorporated into the Cox hazard ratio model. The results demonstrated that whether or not REC was used in conjunction with the treatment was an independent risk factor affecting the six-month PFS of patients (HR=2.241, 95% CI: 2.192-2.336, P<0.01).





4 Discussion

Late-stage NSCLC accounts for approximately 28% to 33% of newly diagnosed NSCLC cases, of which about 35% have no opportunity for surgery at the time of initial diagnosis (27, 28). Concurrent chemoradiotherapy is the standard treatment plan. About 9% of patients progress during treatment, and 41% progress after treatment, resulting in a poor long-term prognosis (29–31). To augment the life expectancy of patients presently grappling with NSCLC, there has been a paradigm shift in contemporary clinical interventions toward a strategy that synergizes chemoradiotherapy with PD-1/PD-L1 inhibitors. PD-1 is predominantly localized on the membrane of T lymphocytes, a type of white blood cell integral to the immune response, while PD-L1 exhibits a primary expression on the surface of neoplastic cells and antigen-presenting cells (APC), serving a pivotal role in immunological pathways. The intricate molecular interaction whereby PD-L1 engages with PD-1 on tumor-infiltrating CD8+ T cells facilitates a significant dampening of the cytotoxic T lymphocyte proliferation and activation (32, 33). This phenomenon precipitates a formidable mechanism for tumor cells to exploit, culminating in a scenario of immune evasion, whereby the tumorous cells elude the vigilant surveillance of the immune system, thereby fostering an environment conducive to unchecked malignant progression (34, 35).

Radiation therapy can damage the DNA of tumor cells, causing the double-stranded DNA to unwind, thereby releasing tumor-associated antigens. These antigens can enhance the antigen presentation function of CD8+ T cells, further eliminating the remaining tumor cells. Moreover, radiation therapy can induce overexpression of PD-L1 dependent on CD8+ T cells, inversely regulating the tumor suppression effect downstream of CD8+ T cells. Immune checkpoint inhibitors can reactivate downstream responses. Chemotherapy can also regulate tumor T cell responses by enhancing tumor antigenicity, inducing immunogenic cell death of the tumor, downregulating immune suppressive microenvironment pathways, and enhancing effector T cell responses, thereby activating the tumor immune cycle (36–38). Based on the synergistic effects between chemoradiation and immunity, this study explored the possibility of concurrent chemoradiation therapy combined with REC in the treatment of late-stage NSCLC (39–41). This study showed that the ORR in the experimental group was better than that in the control group, indicating that the short-term treatment effect of combining REC was better (42–44). REC can reduce the expression of PD-1 and PD-L1 proteins, block their downstream immune suppressive signaling pathways, thereby preventing their impact on the immune function of the body, and subsequently preventing tumor immune escape. This study found that the 6-month PFS rate in the experimental group was better than that in the control group, and the results of the multifactor regression model suggested that whether REC is used in combination can independently predict the prognosis of patients (45–47). The above results are similar to those of Lin etal’s study (48), indicating that the combined use of chemoradiotherapy and REC can result in a better prognosis for patients.

This study compared the adverse reactions of two group plans, and no adverse events above level 3 were observed in either group. There were no treatment-related fatal events, and the post-treatment ECOG score in the experimental group improved compared to the pre-treatment score (49, 50). Common adverse reactions in the experimental group included lung infection, bone marrow suppression, and radiation pneumonitis. In the experimental cohort, the manifestation of radiation pneumonitis surpassed that observed in the control assembly, albeit without reaching a threshold of statistical significance to substantiate a meaningful divergence (50–52). Conversely, the comparative analysis revealed a notable decrement in the prevalence of both bone marrow suppression and pulmonary infections in the experimental contingent relative to the control group, a variation that attained statistical significance, thereby underscoring a potentially consequential differentiation in the adverse event profile between the two populations.This suggests that the overall safety of combined chemoradiotherapy and REC treatment is higher, with a lower risk of adverse reactions compared to chemoradiotherapy alone without REC treatment (53–55).The findings of this study, notably the improved ORR, PFS, and safety profile when incorporating sterilized REC with chemoradiotherapy, carry significant clinical implications for the treatment of late-stage NSCLC. Enhanced ORR indicates a higher proportion of patients experiencing a reduction in tumor size, suggesting that the combination therapy may offer a more effective initial treatment response. This could potentially translate into better symptom control and improved quality of life for patients. The extension in PFS observed in our study implies that patients could enjoy longer periods without disease progression, which is particularly crucial in the context of late-stage NSCLC where treatment options are limited. Importantly, the favorable safety profile of the combined treatment indicates a lower risk of severe adverse events, which is paramount in ensuring patient compliance and overall well-being during the course of treatment. Collectively, these findings suggest that integrating REC with chemoradiotherapy could represent a promising treatment modality for late-stage NSCLC patients, offering a balance between efficacy and safety. For clinicians, this could mean an expanded arsenal of therapeutic strategies, potentially leading to more individualized and effective treatment plans that prioritize both patient survival and quality of life.The mechanistic underpinnings of sterilized REC in cancer therapy, particularly in late-stage NSCLC, warrant a more comprehensive examination. At the molecular level, REC exhibits multifaceted interactions with cellular pathways that are pivotal in cancer progression and treatment response. Primarily, it has been postulated that REC induces oxidative stress within tumor cells, leading to apoptosis and cell cycle arrest. This is thought to occur through the generation of reactive oxygen species (ROS), which disrupt the redox balance within cancer cells, ultimately triggering cellular apoptosis pathways. Concurrently, REC demonstrates an affinity for binding to DNA, potentially leading to direct DNA damage and disruption of DNA repair mechanisms. This interference with the genomic integrity of cancer cells can sensitize them to the cytotoxic effects of both chemotherapy and radiation therapy. the immunomodulatory effects of REC are of particular interest. As highlighted in our findings, REC appears to attenuate the expression of immune checkpoint proteins such as PD-1 and PD-L1. This inhibition plays a crucial role in reversing immune evasion strategies employed by tumor cells. By blocking these pathways, REC potentially reactivates cytotoxic T lymphocytes, enhancing the immune system’s ability to target and destroy cancer cells. This mechanism dovetails with the effects of chemoradiotherapy, which, by inducing immunogenic cell death, can expose tumor antigens and further potentiate an immune response. Additionally, REC might influence the tumor microenvironment, possibly by modulating the secretion of cytokines and chemokines that govern the recruitment and activity of immune cells. The therapeutic efficacy of REC in late-stage NSCLC seems to stem from a synergistic interplay between its direct cytotoxic effects, DNA binding properties, and immunomodulatory actions. These multifactorial mechanisms position REC as a promising adjunct to conventional chemoradiotherapy, potentially enhancing treatment outcomes through a comprehensive attack on cancer cells and their supportive microenvironment.

Treatment-related pneumonitis is a common adverse reaction in lung cancer. Chemoradiotherapy can increase capillary permeability, induce the deposition of pro-inflammatory cytokines and chemokines, and release reactive oxygen species, leading to alveolitis. Meanwhile, REC inhibiting PD-1 and PD-L1 can exacerbate this response. In this study, the incidence of radiation pneumonitis in the experimental and control groups were 31.91% and 25.89%, respectively, with the experimental group showing a 23.25% increase compared to the control group (38, 56–58). A study by Tong etal (59) found that the combination of chemoradiotherapy and PD-1/PD-L1 inhibitors increased the incidence of pneumonitis by 25.19% compared to chemoradiotherapy alone, which is consistent with this study. The differences in the incidence rates of pneumonitis across various studies might be related to the specific staging of the patients included, different physical conditions, and the use of different anti-PD-1 or anti-PD-L1 drugs (60–62). Lustberg etal’s study (63) exploring predictive parameters for pneumonitis found that a decline in alveolar diffusion function post-treatment is a risk factor for the occurrence of treatment-related pneumonitis, and it is related to the response to subsequent glucocorticoid treatment, which can be used to predict the onset and treatment outcome of pneumonitis. Therefore, monitoring the changes in lung function before and after treatment with REC can help identify the onset of pneumonitis early and guide further treatment.

Several studies have found that patients using REC often experience treatment-related pneumonitis after the first dose. The potential mechanism could be the inhibition of PD-1/PD-L1 leading to an increase in immune cell activity, thereby increasing the expression of type II helper T cell (Th2) cytokine interleukin-4 (IL-4), eventually causing immune pneumonitis (64–66). To mitigate this risk, clinical practice commonly involves combining REC with monoclonal antibodies against interleukin. While combining chemoradiotherapy with REC shows promise in treating late-stage NSCLC, it necessitates careful management of radiation pneumonitis. Future strategies should include preventive measures like early use of anti-inflammatory agents, personalized treatment plans based on patient risk factors, regular monitoring for early signs of pneumonitis, and exploration of combination therapies targeting pneumonitis pathogenesis. This balanced approach aims to optimize therapeutic benefits while minimizing adverse effects, ultimately enhancing patient outcomes.

The primary strength of this study resides in the execution of a comparative trial examining the therapeutic effects of concurrent chemoradiation therapy combined with sterilized REC in patients with advanced NSCLC. This was achieved through a prospective cohort study, incorporating a diverse sample range. Additionally, the study explored the underlying mechanisms of cancer treatment involving this combination, setting a foundation for future investigations into REC-based adjuvant therapies in cancer treatment. However, this research is not without its limitations. A notable limitation is that all participants included in this study were of Asian descent, potentially introducing bias due to the homogeneity of the population sample. Recognizing this limitation, we are committed to expanding our research scope. In forthcoming studies, we plan to conduct international multicenter research to assess the therapeutic effects of concurrent chemoradiation therapy combined with REC. These studies are intended to encompass a broader demographic, including populations from North America, Europe, and other Asian countries, thereby mitigating the limitations encountered in the present study. We aim to initiate this global collaboration within the next two years, ensuring diverse participation across continents. Furthermore, steps will be taken to control for potential bias, including stratified random sampling and implementing standardized protocols across all participating centers. This approach is anticipated to yield more generalizable results, thereby enriching our understanding of REC’s role in treating advanced NSCLC globally.




5 Conclusion

The addition of sterilized REC to concurrent chemoradiotherapy in late-stage NSCLC patients significantly enhances short-term therapeutic outcomes and prognosis compared to chemoradiotherapy alone. The study demonstrated a notable improvement in objective response rates and a reduction in adverse reactions, particularly in bone marrow suppression and pulmonary infections, in the experimental group receiving REC. Additionally, patients treated with REC exhibited better physical well-being post-treatment, as evidenced by lower ECOG scores. These findings highlight REC’s potential as a valuable adjunct in the treatment of advanced NSCLC, offering improved efficacy and safety.
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