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Background

Many cancer patients have not received timely treatment or even had treatment interruptions due to the COVID-19 pandemic. The objective of this investigation was to evaluate whether the prognosis of patients with breast cancer after surgery was affected by any interruptions in radiotherapy.





Methods

The healthcare documents for breast cancer patients experiencing radiotherapy interruption after surgery, including treatment-related characteristics, and time of interruption, type of disease progression, and survival status, were collected between January and April 2020 during the Wuhan blockade.





Results

The final number of patients included was 148, and neither the Kaplan-Meier (KM) survival curve nor the cross-tabulation analysis found statistical significance. Cox regression analysis also did not identify risk factors associated with PFS.





Conclusions

The prognosis of patients with postoperative breast cancer may not be significantly impacted by the interruption of radiotherapy, given its integration with additional treatments like targeted and endocrine therapies.
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Background

Breast cancer has become more prevalent than lung cancer, ranking as the fifth most common type of cancer and the fifth leading cause of cancer-related fatalities globally (1). According to statistics, approximately 2.3 million people will be diagnosed with breast cancer in 2020, and 685,000 people will die from breast cancer (2). The incidence of breast cancer is projected to reach 4.4 million cases by 2070 (3). Breast cancer accounts for approximately 24.5% of all cancer cases in women, making it the leading cause of global cancer-related deaths, representing approximately 15.5%. It ranks first in most countries in the world in terms of incidence and mortality in 2020 (1).

The classification of breast cancer is primarily based on the presence or absence of estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor receptor 2 (HER2), reflecting its diverse nature. These distinct subtypes exhibit variations in etiology and prognostic outcomes (4). The most prevalent subtype of breast cancer is characterized by being estrogen receptor (ER) and/or progesterone receptor (PR) positive while lacking human epidermal growth factor receptor 2 (HER2), accounting for approximately 73% of all breast cancers (5).

The selection of the treatment protocol should rely on the patient’s molecular profile. The treatment strategies vary depending on the stage of breast cancer. Surgical management of ductual carcinoma in situ includes breast conserving surgery (lumpectomy), often followed by radiotherapy, or mastectomy, after which radiotherapy is not indicated, aside from rare cases of positive margin when re-resection cannot be done. When ER is positive, endocrine therapy may also be an option. Depending on its biological profile, invasive ductal carcinoma may require endocrine therapy, targeted agents, immunotherapy, and/or chemotherapy, in the neoadjuvant or adjuvant setting (6). Triple-negative breast cancer almost always is an indication for chemotherapy, as it is typically the most aggressive subtype of breast cancer.

Radiotherapy has become an essential part of breast cancer treatment. Postoperative radiation therapy has the potential to eliminate any remaining tumor cells, leading to enhanced control rates of both local (primary site) and/or regional (axillary nodal basin) diseases (7, 8) and minimizing the need for extensive surgical procedures (9–11). It has been shown that the 10-year local recurrence rate and distant metastasis rate were reduced by approximately 16% and the risk of death by approximately 4% in female patients with negative lymph nodes after breast-conserving surgery who received radiotherapy (8). Patients who have experienced a recurrence of breast cancer in the same area can also achieve favorable outcomes through re-administration of radiotherapy (12–14). Studies have demonstrated that reirradiation can lead to high rates of local control, ranging from 43% to 96%, and varying complete response rates between 41% and 71% (14).

Coronavirus disease 2019 (COVID-19) emerged in December 2019, and the World Health Organization declared that it reached pandemic status on 11 March 2020 (15, 16). Due to the highly infectious nature of the virus, isolation and reduction in crowd gathering became the mainstream response until new treatments and vaccines were available (17). The outbreak of COVID-19 not only led to the suspension of many social events and closure of public facilities but also had a dramatic impact on healthcare services (18). Many cancer patients progressed or even died due to delayed diagnosis, untimely treatment, or even interruption (19, 20). Radiotherapy is a crucial component in the management of breast cancer, and it remains to be studied whether interruption of radiotherapy due to an epidemic outbreak can cause disease progression.





Methods




Patients

Clinical data of all breast cancer patients who received radiotherapy (interrupted or uninterrupted) at 10 hospitals in Hubei province since the outbreak of the new crown epidemic (January–April 2020) were collected. The inclusion criteria were as follows: 1) patients with pathological diagnosis of invasive breast cancer and 2) patients who had undergone surgery and postoperative radiotherapy. The breast cancer patients included in this study were treated with regional nodal irradiation (RNI) in addition to breast/chest wall irradiation for node-positive patients. In addition, patients who were node-negative but clinically assessed as high risk were also treated with RNI.

Demographic, clinical, and treatment information was retrieved from each hospital’s medical records and filing system.





Statistical analysis

The overall survival (OS) was defined as the duration from the initiation of radiotherapy following breast cancer surgery until death resulting from any cause, while progression-free survival (PFS) referred to the period from the commencement of radiotherapy after breast cancer surgery until disease progression. Patients were continuously monitored for tumor progression and survival data until their last follow-up in March 2023. Radiotherapy interruption was defined as a situation in which the treatment plan has to be temporarily suspended for some reason during the course of radiotherapy. Included patients were divided into two groups based on whether or not the interruption lasted more than 7 days, i.e., radiotherapy interrupted (RTI) and non-radiotherapy interrupted (non-RTI), using propensity score matching (PSM) to adjust for potential baseline confounders (demographic data, clinical characteristics, and treatment) to make the two groups comparable. The analysis of categorical variables involved the use of cross-tabulation and chi-square tests, while survival data estimation was conducted using Kaplan–Meier curves and log-rank tests. Cox regression analysis was employed to identify and evaluate risk factors associated with progression-free survival (PFS). Statistical significance was determined based on two-tailed p-values <0.05. All statistical analyses were performed using SPSS 24.0 (SPSS Inc., Chicago, USA).






Results




Radiotherapy interruption did not cause survival difference

We collected data related to radiotherapy for breast cancer patients in 10 hospitals in Hubei province, and all patients were women. The total number of patients included through PSM was 148, with 74 patients in each of the RTI and non-RTI groups. The details of the included patients are shown in Table 1. The reason for the interruption of radiotherapy is mainly due to the COVID-19 outbreak, which has caused regional lockdown and prevented patients from travelling normally. The average age of individuals in the RTI group was recorded as 48 years, while those in the non-RTI group had an average age of 50 years. The proportion of patients ≤50 years old was the same in both groups. In the RTI group, 18% of patients were clinically staged as stage I, 43% as stage II, and 38% as stage III. In the non-RTI group, the proportions of patients clinically staged as stage I, stage II, and stage III were 12%, 42%, and 45%, respectively. Only a small proportion of included patients received neoadjuvant chemotherapy (RTI, 27%; non-RTI, 14%), targeted therapy (RTI, 23%; non-RTI, 27%), and endocrine therapy (RTI, 36%; non-RTI, 34%). However, the use of neoadjuvant chemotherapy was almost twice as high in the RTI (vs. non-RTI) group.


Table 1 | Baseline characteristics of postoperative breast cancer patients.



In the RTI group, 59% of patients received adjuvant chemotherapy, while in the non-RTI group, this percentage was higher at 73%. The median duration of follow-up (calculated from the commencement of radiotherapy until the most recent contact) was 37.3 months (ranging from 1.3 months to 46.2 months). Figure 1 illustrates that there was no disparity in survival between the two groups due to the interruption of radiotherapy (p=0.733), and Figure 2 further confirms that radiotherapy interruption did not affect PFS in patients after breast cancer surgery (p=0.722). In addition, the 3-year PFS rates were comparable between the two groups, with percentages of 91.9% and 90.5%, respectively.




Figure 1 | Kaplan-Meier survival curve of PFS between RTI and non-RTI.






Figure 2 | The impact of RTI on disease progression.



In the non-RTI group, two patients died and four patients progressed. In contrast, in the RTI group, no patients died. Of these seven patients, only one patient did not choose to return to thehospital for further radiotherapy after the interruption of radiotherapy.





No discernible risk factors associated with PFS were identified

In the RTI cohort, a majority of patients (69%) opted for hospital readmission to continue their radiotherapy treatment, with a median RTI of 78 days (ranging from 7 days to 155 days). Cox risk regression models suggested that clinical stage, neoadjuvant chemotherapy, adjuvant chemotherapy, targeted therapy, endocrine therapy, and return to continued treatment were not factors in the difference in survival (p>0.05) (Table 2). The KM survival curve further demonstrated that there was no difference in prognosis between patients who continued to return to radiotherapy and those who abandoned continuing radiotherapy (p=0.306) (Figure 3). Although there was a noticeable decrease in the 3-year PFS rate for patients who received continued radiotherapy (88.2%) compared to those who did not (95.7%), statistical analysis did not reveal any significant difference between the two groups (p=0.562) (Figure 4).


Table 2 | Multivariate Cox proportional hazards regression model analysis of PFS in RTI.






Figure 3 | Kaplan-Meier survival curve of PFS between patients who continued radiotherapy and those who did not.






Figure 4 | Effect of continuation of radiotherapy after RTI on disease progression.








Discussion

Radiotherapy is typically recommended after lumpectomy for most patients with invasive breast cancer, stages I–III, and after mastectomy for women with T4 disease and/or lymph node metastases. The integration of these treatments optimizes disease management at the local level, resulting in favorable survival outcomes (21). In the last decades, radiotherapy techniques have been greatly improved (22), and the incidence of radiotherapy-induced cardiopulmonary toxicity has improved (23).

The primary mechanism of radiotherapy is to eliminate cancerous cells by causing irreversible harm to the genetic material and membranes of these cells (24). Ionizing radiation stimulates the generation of reactive oxygen species (ROS) through the breakdown of cellular components. Direct damage to DNA occurs as a result of ionizing radiation, while ROS induce DNA cross-linking, base or sugar impairment, and single- and double-strand breaks (DSBs) (25).

However, due to the COVID-19 pandemic, Wuhan went into lockdown, which also led to interruptions in breast cancer patients undergoing radiotherapy, with interruptions ranging from 6 to 155 days. In rapidly proliferating cancers, prolonging the duration of radiotherapy leads to a decrease in tumor control (26). This loss of tumor control may be related to the accelerated proliferation (repopulation) of tumor cells that survive the interruption period (27, 28). In nasopharyngeal carcinoma, radiotherapy interruptions of just more than 7 days can adversely affect patient prognosis (29, 30), and in head and neck cancers (31). However, Richard et al. noted that breast cancer patients who underwent surgery within 90 days of diagnosis and radiotherapy within 365 days did not have as great an impact on prognosis as expected (32). The impact on survival after patients with breast cancer experiencing interruption in the course of radiotherapy is, as yet, unknown.

In theory, it appears possible to evaluate the influence of radiotherapy interruption on the prognosis of breast cancer through assessing the duration for tumor cells to multiply. In practice, however, tumors initially grow at a parabolic exponential growth rate, and then, the expansion rate begins to decrease and plateau, which is related to limitations in blood supply, growth space, and nutrition, and the chaotic growth pattern of the tumor itself (32, 33). The nonlinear growth kinetic pattern of the tumor results in a tumor multiplication time that is not constant (32, 34, 35), which also causes the assessment to become unreliable. Second, the overall duration of the tumor’s existence remains indeterminable, further leading to uncertainty in the relationship between tumor multiplication time and the prognostic impact of interrupted radiotherapy (32).

The findings of this investigation indicate that the discontinuation of radiotherapy appeared to have minimal impact on individuals diagnosed with breast cancer. First, all of the patients underwent surgery, which removed the vast majority of the tumor cells, and most of the patients were treated with chemotherapy. Paclitaxel induces tumor cell aggregation in G2 and M phases to promote cell death. Although concurrent chemotherapy is not often used in the treatment of breast cancer, its synergistic effect in radiotherapy is undeniable. It has been demonstrated that the combination of a low dosage of paclitaxel effectively reduces the proliferation and survival of cancer cells when subjected to fractionated radiotherapy in lung cancer (36). Radiation exerts its effects during the G1/S and G2/M stages, while paclitaxel induces the accumulation of tumor cells in the G2 and M phases. The growth delay observed when combining paclitaxel with fractionated radiotherapy is attributed to the obstruction of various stages within the cell cycle (36, 37). Paclitaxel has been found to enhance the sensitivity of breast cancer cells to radiation by improving tumor interstitial pressure and oxygenation and promoting apoptosis (37). Furthermore, radiosensitivity in breast cancer can be increased through the use of alkylating agents like cisplatin (38) and antimetabolites such as capecitabine (39).

Patients who are HER2+ and/or ER and/or PR positive may undergo adjuvant HER2-targeted therapy and/or endocrine therapy concurrently with radiotherapy (21). The majority of patients in this study underwent endocrine therapy and/or targeted therapy, which may further compensate for the effect of radiotherapy interruption. Endocrine therapy is the cornerstone of hormone-responsive breast cancer treatment, and commonly used agents include aromatase inhibitors or tamoxifen (40). Combining RT with aromatase inhibitors or tamoxifen enhances radiosensitivity and apoptosis (41) and promotes tumor volume reduction (42, 43). Wang et al. conducted a study that discovered that the combination of endocrine therapy and RT resulted in cell redistribution within the G1 phase, leading to a significant decrease in the proportion of breast cancer cells arrested in the G2 and S phases compared to RT alone. Furthermore, an increase in cell cycle arrest was observed, along with a reduction in the regulation of DNA-PKcs, a protein involved in non-homologous repair, and RAD51, a protein involved in homologous recombination repair (44). Therefore, endocrine therapy can be used as a radiosensitizer for hormone receptor-positive breast cancer cells and can be performed in parallel with RT (45, 46).

The limitations of this study were as follows: 1) the sample size was limited, and only postoperative breast cancer patients were included in the study; 2) the duration of follow-up was insufficient, potentially leading to undetected recurrence and metastasis of tumors, necessitating further observation; 3) differences in survival would take many more years to detect, but this is most likely limited by the sample size of this study and the length of follow-up.





Conclusions

The period of the COVID-19 pandemic and the implementation of a lockdown in Wuhan from 23 January to 8 April 2020 provided an exceptional opportunity to assess the impact of contemporary interruptions in radiotherapy. This study offered the most comprehensive follow-up to date for evaluating outcomes associated with interruption of radiotherapy. The results of the study analysis suggest that radiotherapy interruption did not have an impact on the short-term outcomes of postoperative breast cancer patients, which could be due in part to the combination with other treatment modalities. However, what a great risk reduction tool radiation is in the adjuvant (post-op) setting in breast cancer. Therefore, the importance of timely action should not be undermined when RTI happens.
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