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Objective

To assess the impact of the COVID-19 pandemic on the presentation, treatment, and survival of patients with early breast cancer (Stage I–III).





Methods

This study utilized data from the Surveillance, Epidemiology, and End Results database from January 1, 2018, to December 31, 2020. Patients diagnosed with primary breast cancer in 2020 were compared to those diagnosed in 2018 or 2019. The primary outcomes were stage distribution and changes in the treatment modalities for early breast cancer. The secondary outcomes were overall survival (OS) and breast cancer-specific survival (BCSS).





Results

We analyzed 142,038 patients. There has been a decrease in breast cancer diagnoses in 2020, as well as the smaller number of surgeries. The distribution of breast cancer stages among patients exhibited a notable shift in 2020, with a decrease in the proportion of Stage 0-I and an increase in advanced-stage. Additionally, there was a significant decrease in the proportion of breast-conserving surgery (BCS) performed in 2020. The proportion of patients undergoing radiation decreased, while that of chemotherapy cases increased significantly in 2020. Patients showed a shorter treatment delay in 2020 than in 2018 or 2019 (2018: hazard ratio [HR] = 0.969, 95% confidence interval [CI] = 0.956–0.982, p < 0.001; 2019: HR=0.959, 95% CI = 0.946–0.972, p < 0.001). Diagnosis in 2020 showed a significant correlation with worse OS than diagnosis in 2018 (HR = 0.861, 95% CI = 0.743-0.996, p = 0.045).





Conclusion

We observed a shift to advanced-stage and a change of treatment modalities of early breast cancer in 2020. The OS of patients with breast cancer was worse during the pandemic than before the pandemic. The findings could provide empirical basis for optimizing cancer prevention and control strategies in future public health emergencies.
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1 Introduction

COVID-19 triggers SARS by inflaming the respiratory tract and activating immune cells to produce excessive pro-inflammatory cytokines (1). By the beginning of 2023, the World Health Organization reported approximately 750 000 000 confirmed cases of COVID-19 and more than 6 800 000 deaths. The Covid-19 pandemic spread worldwide and place a significant strain on the healthcare systems.

Breast cancer screenings were largely disrupted during the onset of the COVID-19 pandemic (2–4), leading to a decrease in the number of diagnosed cases in 2020 (5–7). Additionally, socioeconomic disparities may have aggravated this risk (8, 9). Various studies have shown that the pandemic led to patients presenting with advanced stages of breast cancer (10, 11). However, Tonneson et al. published contrasting findings that the breast cancer stage at diagnosis did not differ significantly between the COVID-19 and pre-COVID-19 periods (12). The study from the Netherlands Cancer Registry supported these conclusions (5). So far, it is unclear whether COVID-19 affected the stage of breast cancer. Meanwhile, few studies reported the effect of the pandemic on the treatment changes and prognosis of breast cancer.

This study aimed to investigate whether the COVID-19 pandemic affected the presentation, treatment and survival of patients with early breast cancer (Stage I–III).




2 Materials and methods



2.1 Study participants

The Surveillance, Epidemiology, and End Results (SEER) database is a systematic population-based cancer registry covering approximately 48% of the United States population. Clinically relevant data of patients diagnosed with breast cancer from 2018 to 2020 were extracted from the SEER 18 registry database (1975–2020) using SEER*Stat 8.4.2. STROCSS criteria was followed in this work (13). The need for ethical approval was waived because the SEER is a publicly accessible and freely available database. The year 2020 marks the onset of the COVID-19 pandemic, and we utilized data from 2018 and 2019 as control data. Patients with primary breast cancer were included in the study. The following variables were extracted: patient ID, race, age, grade, stage as per the American Joint Committee on Cancer (8th edition), subtype, radiation, chemotherapy, surgery code, vital status, cause of death, time to treatment initiation (TTI), and survival in months. Patients with unclear tumor grade or stage were excluded.




2.2 Outcomes of interest

The primary outcomes were cancer stage distribution, changes in the treatment modalities in early breast cancer, and treatment delay. Treatment modalities included surgery, radiation, and chemotherapy. Treatment delay was measured according to the TTI. The secondary outcomes were overall survival (OS) and breast cancer-specific survival (BCSS) in patients with Stage I–III tumors. OS was defined as the time from diagnosis to death or the last follow-up. BCSS was defined as the time from cancer to death due to breast cancer.




2.3 Statistical analyses

Patient demographics, tumor characteristics, and treatment information were compared among the patients diagnosed in 2018, 2019, and 2020 using the chi-square test with Bonferroni correction. Time-to-event analysis was performed to evaluate the TTI recorded. The multivariable Cox proportional hazards model was applied to evaluate the covariates associated with OS and BCSS. Considering the different follow-up durations among patients diagnosed in 2020 and 2018 or 2019, we used the modified Cox proportional hazards model. Patients were classified as “alive,” if they had not yet died 1 year after diagnosis. These results were presented as hazard ratios (HRs) with 95% confidence intervals (CIs). P-values <0.05 were considered statistically significant, and all tests were two-sided. All statistical analyses were performed using Statistical Product and Service Solutions (version 22.0; IBM, Armonk, NY, USA).





3 Results

In total, 142,038 patients diagnosed with primary breast cancer between 2018 and 2020 were included in the final analysis, of which 47,634 (33.5%) were diagnosed in 2018, 49792 (35.1%) in 2019, and 44612 (31.4%) in 2020 (Figure 1). The median follow-up duration was 29 months (interquartile range, 25–32) in 2018 and 17 months (interquartile range, 14–20) in 2019, and it decreased to 5 months (interquartile range, 2–9) in 2020. As shown in Table 1, patients diagnosed with breast cancer in 2020 tended to be younger than those diagnosed in 2018 or 2019. Fewer patients diagnosed in 2020 underwent surgery and radiation but more patients received chemotherapy as compared to those diagnosed in 2018 or 2019. Moreover, treatment initiation in one month was more common among patients diagnosed in 2020 than those diagnosed in previous years.




Figure 1 | Flowchart for the SEER (Surveillance, Epidemiology, and End Results) data screening.




Table 1 | Demographics and clinical characteristics of patients diagnosed in 2018, 2019 and 2020.





3.1 Stage distribution

Compared to 2018, the proportion of Stage 0–I breast cancer patients increased, while that of Stage II breast cancer patients decreased in 2019. Meanwhile, no significant change was observed in the proportion of Stage III–IV breast cancer patients between 2018 and 2019. However, in 2020, the proportion of Stage 0–I breast cancer patients decreased significantly, while that of Stage II–IV breast cancer patients increased significantly (Figure 2A). Similar results were observed in the hormone receptor (HR) positive (+)/human epidermal growth factor receptor (HER) 2 negative (−) populations (Figure 3A). However, only the HER2+ patients showed a statistically significant reduction in the proportion of Stage 0–I breast cancer patients in 2020 (Figure 3B). In patients with aggressive subtypes of breast cancer, i.e., HER2+ or HR− breast cancer, no significant change was observed in the proportion of patients with Stage III–IV breast cancer (Figures 3B, C).




Figure 2 | Changes of stage distribution and treatment received for early breast cancer. (A. Stage distribution; (B) Surgery; (C) Chemotherapy; (D) Radiation; (E) Time to treatment initiation (TTI) ≤ one month.






Figure 3 | Changes of stage distribution in different subtypes.






3.2 Changes in treatment modalities for early breast cancer

In early breast cancer patients, the proportion of patients without surgery increased significantly. The proportion of breast-conserving surgery (BCS) cases decreased significantly in 2020 than in 2018 or 2019. The proportion of contralateral prophylactic mastectomy (CPM) and immediate breast reconstruction (IBR) cases increased significantly in 2020 than in 2019 (Figure 2B).

In Stage I breast cancer patients, the proportion of BCS cases decreased in 2020 compared to that in 2019, while that of CPM cases increased significantly compared to that in 2018 or 2019. The proportion of IBR cases did not change significantly (Figure 4A). In Stage II or III breast cancer patients, no significant change was observed in the proportion of BCS, CPM, and IBR cases among the three cohorts (Figures 4B, C).




Figure 4 | Changes of surgery received in different stages.



Although the proportion of chemotherapy cases decreased significantly in 2019, it was significantly higher in 2020 than in 2018 or 2019. The same was true among patients with HR+ breast cancer. However, among HR− patients, the proportion of chemotherapy cases did not differ significantly among these three cohorts. In HR+/HER2− Stage I breast cancer patients, the increased proportion of chemotherapy cases was statistically significant in 2020 (Figure 2C). The proportion of patients undergoing radiation decreased significantly every year, as observed in patients undergoing BCS or those with Stage III breast cancer (Figure 2D).




3.3 Treatment delay in early breast cancer

The proportion of patients with TTI within one month was the lowest in 2019 and highest in 2020. In all patient subgroups, the proportion of patients with TTI within one month was significantly higher in 2020 than in 2019 (Figure 2E). Factors associated with TTI are shown in Figure 5. Patients diagnosed during the COVID-19 pandemic had a shorter TTI than those diagnosed in the pre-pandemic period (2018: HR = 0.969, 95% CI = 0.956–0.982, p < 0.001; 2019: HR = 0.959, 95% CI = 0.946–0.972, p < 0.001). Factors associated with short TTI included histological tumor Grade 3 (HR = 1.020, 95% CI = 1.002–1.038, p = 0.033), invasive subtype (HR+/HER2+: HR = 1.076, 95% CI = 1.056–1.096, p < 0.001; HR−/HER2+: HR = 1.062, 95% CI = 1.031– 1.095, p < 0.001; HR−/HER2−: HR = 1.060, 95% CI = 1.038–1.082, p < 0.001), higher cancer stage (Stage II: HR = 1.095, 95% CI = 1.076–1.114, p < 0.001; Stage III: HR = 1.234, 95% CI = 1.207–1.261, p < 0.001), and age >70 years (HR = 1.018, 95% CI = 1.002–1.035, p = 0.023). White patients had a significantly shorter TTI than non-White patients (Blacks: HR = 0.912, 95% CI = 0.896–0.928, p < 0.001; Other: HR = 0.965, 95% CI = 0.949–0.981, p < 0.001).




Figure 5 | Factors associated with time to treatment initiation (TTI).






3.4 Year of diagnosis and breast cancer survival in early breast cancer

There were 251 deaths in the 2020 cohort, of which 94 deaths were due to breast cancer. A multivariable Cox proportional hazards model was used to assess the factors associated with OS and BCSS (Table 2). The OS (HR = 0.887, 95% CI = 0.766–1.026, p = 0.105) and BCSS (HR = 0.998, 95% CI = 0.789–1.262, p = 0.985) did not differ significantly between 2019 and 2020. However, compared to diagnosis in 2020, diagnosis in 2018 was an independent factor associated with better OS (HR = 0.861, 95% CI = 0.743–0.996, p = 0.045) but not better BCSS (HR = 1.001, 95% CI = 0.791–1.267, p = 0.994) (Tables 2, 3). Results for this modified Cox model were similar between 2018 and 2020 (OS: HR = 0.842, 95% CI = 0.723–0.981, p = 0.027; BCSS: HR = 0.945, 95% CI = 0.74–1.208, p = 0.652) (Tables 2, 4). In the population receiving chemotherapy or radiation, the year of diagnosis was not an independent factor associated with survival. However, in the patients who did not receive chemotherapy, the year of diagnosis significantly affected the OS (HR = 0.814, 95% CI = 0.675–0.982, p = 0.031) (Table 2).


Table 2 | The impact of year of diagnosis on survival among patients with early breast cancer.




Table 3 | Factors associated with OS and BCSS in a Cox proportional hazards model of patients diagnosed with early breast cancer in 2018,2019, and 2020.




Table 4 | Factors associated with OS and BCSS in a modified Cox proportional hazards model of patients diagnosed with early breast cancer in 2018, 2019, and 2020.







4 Discussion

This study found a decline in the number of breast cancer diagnoses during the pandemic in 2020 compared to that in 2018 or 2019. The proportion of Stage 0–I patients decreased in 2020 compared to 2019. Moreover, the proportion of patients undergoing radiation and BCS decreased in 2020, while that of patients undergoing chemotherapy increased. Patients diagnosed in 2020 experienced significantly fewer treatment delays compared to those diagnosed in 2018 or 2019. However, diagnosis of breast cancer in 2020 emerged as a significant independent risk factor for OS in breast cancer patients.

We observed that the number of patients diagnosed with and treated for breast cancer in 2020 was the lowest. Since the Dutch National Breast Screening Program was suspended by the COVID-19 pandemic starting in Week 12 of 2020, the incidence of screen-detected tumors nearly dropped to zero during weeks 14–25 (5). In the United States, a marked decrease of 54.9% in breast cancer incidence rates was observed during the pandemic (14). Some single-institution studies from different countries reported that patients presented with more advanced stages of breast cancer in 2020 (10, 11, 15). Similarly, we observed an increase in the proportion of stage III or IV breast cancers increased in 2020. However, the population-based study from the Netherlands Cancer Registry did not find a shift towards higher stage breast cancers (5). This discrepancy could be attributed to several reasons. Firstly, the time point of the Dutch study cut-off was August 2020. The breast cancer screening program restarted at a reduced capacity, and there were some delayed breast cancer diagnoses that have not yet been discovered. Secondly, the duration of disruptions to breast screening varied across countries. Poelhekken et al. used the simulation model on radiation risk and breast cancer screening and found no clinically significant changes in screening-detected tumor sizes after a 3-month interruption. However, interruptions of 6 or 12 months considerably influenced the tumor size (2).Our observations differed from the population study from Brazilian, wherein the HR negative or HER2 positive breast cancer, regarded as aggressive tumor subtypes, did not show higher percentage of patients with advanced-stage disease during the pandemic (16).

The Pandemic Breast Cancer Consortium provided expert guidance to categorize patients with breast cancer into priority levels to ensure timely and reasonable treatment during the COVID-19 pandemic (17). It recommended that patients eligible for breast conservation therapy were advised against undergoing mastectomy to minimize operative duration. Additionally, for those patients scheduled for mastectomy, contralateral prophylactic mastectomy and immediate reconstruction were discouraged to further reduce surgical time and the associated risk of complications. The COVID-19 pandemic affected surgical activities, but in contrast to these recommendations. In Italy, the mastectomy–BCS ratio was 39–61% in 2019 and 42–58% in 2020. Mastectomies with direct to implant reconstruction surgeries increased by 15%, whereas mastectomies with immediate expander reconstruction decreased by 20% (18). A study based on the Specific Health Checkups program in Japan showed that the proportion of BCS cases without axillary lymph node dissection decreased significantly, whereas no decrease was observed for other surgery types (19). All these studies, including ours, demonstrated that the proportion of patients not undergoing surgery increased significantly in 2020. The proportion of BCS cases decreased in 2020 compared to 2018 or 2019. This was also true for Stage I breast cancer patients. In light of the uncertainty caused by the pandemic, the possibility of missed or delayed radiotherapy, and frequent hospital visits for radiotherapy, some of these patients decided on mastectomy. We also found a significant increase in the proportion of CPM and IBR cases in the overall population. Patients refusing BCS were more likely to resort to IBR for esthetic breast appearance. Decreased surgical volume and low-priority surgery for non-tumor diseases led to more spare plastic surgeons than in the pre-pandemic period. Furthermore, poor communication between doctors and patients during the pandemic could have contributed to the change in surgical approach. Decisions for CPM appear to be patient-driven for reasons such as genetic testing, strong family cancer history, and increased concern about cancer recurrence. However, the knowledge of and recommendations for CPM among women with breast cancer in the United States are limited (20). Therefore, CPM is prevalent among patients without clinical indications. Physician–patient communication regarding CPM can effectively reduce potential overtreatment (21).

The proportion of radiation cases decreased significantly in patients with Stage III or those undergoing BCS, which are absolute indications for radiation as per the recommended guidelines. This could be attributed to several reasons. First, recently, some guidelines recommend considering the omission of post-lumpectomy radiation in older breast cancer patients (22). Second, some patients may refuse or delay radiation therapy to decrease the chance of COVID-19 infection. Third, delayed radiation therapy was widespread during the pandemic, which may have affected the data entry accuracy and timeliness. Finally, we cannot exclude the presence of undertreatment. In addition, practical patterns of radiotherapy to early breast cancer have changed. International guidelines recommended that ultra-hypofractionated radiotherapy was preferentially used in patients with lower risk disease in order to minimize patient time spent in the hospital (23). A population-based study from UK found the use of hypofractionated regimens rapidly increased by 60·4% in 2020 (24). MD Anderson Cancer Center reported the percentage of ultra-hypofractionated radiotherapy increased from 4.3% in March-April 2020 to 45.5% in July-August 2020 (25).

The application of genomic tests greatly reduced the chemotherapy application. 21-gene RS testing and 70-gene signature could aid to avoid adjuvant chemotherapy (26, 27). We found the proportion of chemotherapy cases decreased in 2019. However, it rose rapidly in 2020, even surpassing that in 2018. These results corroborate the findings of a population-based cohort study from the Netherlands and Canada (28, 29). In some studies from the United States, chemotherapy cases had increased in 2020 (30, 31). This was partly due to the advanced stages of breast cancer cases diagnosed in 2020. Additionally, the increase in the proportion of neoadjuvant chemotherapy cases could explain it. It is important to note that the proportion of patients treated with chemotherapy has significantly increased among those with Stage I HR+/HER2- tumors. However, this differs from the actual daily clinical practice. There may be overtreatment in these patients. Data obtained from the National Cancer Database (NCDB) indicated a statistically significant decrease in the proportion of patients undergoing BCS and radiotherapy, as reported in our study. However, no statistically significant change was observed in the proportion of patients receiving radiation or systemic therapy among those diagnosed with Stages II–IV breast cancer (32). The NCDB is a hospital-based and not a population-based cancer registry. Treatment modalities commonly provided in outpatient settings may be missed, such as chemotherapy.

Shorter TTI was associated with lower mortality and higher accessibility to cancer therapy (33, 34). Our study found that the proportion of patients with TTI less than one month increased significantly in 2020. The time-to-event analysis showed that patients received treatment faster in 2020. An NCDB study showed that the COVID-19 pandemic was not associated with delay in systemic therapy (35). The time between diagnosis and treatment initiation decreased in patients diagnosed with breast cancer even during lockdown in the Dutch population (29). Among the patients diagnosed with COVID-19, those with breast cancer received treatment sooner than those with other tumors. This could be attributed to a decrease in the incidence of breast cancer, application of neoadjuvant treatment (36), and prioritization for a different surgery (17). Neoadjuvant therapy was used for safe postponement of surgery in selected cases, which is recommended by several guidelines (17, 37–39). Particularly, an increased application of neoadjuvant endocrine therapy was observed (12, 40). Our study revealed that racial minorities, particularly black women, experienced prolonged TTI compared to white individuals. Existing literature consistently shows disparities in TTI for breast cancer patients (41). The COVID-19 pandemic has the potential to worsen existing delays in treatment initiation for black women with breast cancer (42, 43). Further research is necessary to examine the effects of public health emergencies on racial and ethnic disparities in cancer care.

A recent review showed evidence of an increased risk of COVID-19-related death in patients recently diagnosed with cancer, and the risk decreased with time since diagnosis (44). We found that the diagnosis of breast cancer in the year 2020 was a risk factor for OS compared to the diagnosis in 2018; however, the COVID-19 outbreak did not significantly affect the BCSS. This was because of worse OS due to non-breast cancer-related mortality. As mentioned in a study from the United States National Vital Statistics System, the incidence of cancer-related death increased slightly from 2018 to 2021 but was relatively less than the increase in the number of deaths from any cause, indicating that an excess number of persons with cancer died from COVID-19 and other diseases (45). Among patients receiving chemotherapy or radiation, OS did not change during pandemic. In a prospective cohort study, chemotherapy or other anticancer treatment did not increase risk of mortality from COVID-19 disease (46). Some studies on breast cancer showed no association between systemic therapy or loco-regional therapy and increased mortality risk (47, 48). In these studies, older age and pre-existing comorbidities were associated with adverse COVID-19 outcomes in breast cancer patients. These patients were likely to refuse chemotherapy and end up in the non-chemotherapy group during the pandemic. This could be the reason why the pandemic seemed to affect the OS in the non-chemotherapy population.

The pandemic’s impact on the duration of time between cancer diagnosis and initiation of treatment indicated a notable level of resilience in the US (49). Nevertheless, the present study also highlighted significant concerns, encompassing delayed diagnoses and potential deviations from treatment guidelines, such as overuse of chemotherapy, underuse of radiotherapy and underuse of BCS. Evidently, the pandemic greatly influenced the treatment approaches for early-stage breast cancer.

The pandemic has worsened pre-existing issues like poor doctor-patient communication and unequal healthcare access. Chen et al. showed that telehealth can improve communication and increase the effectiveness of cancer screening during this time (50). It would be helpful to ensure timely diagnosis and optimal treatment for patients with breast cancer in future public health emergencies.

This study has several limitations. First, it was a retrospective analysis with a short follow-up period, necessitating further studies with a longer follow-up duration. Second, the SEER database lacked detailed information regarding the specific month of diagnosis in 2020, and we had to consider the entire year of 2020 for comparison with 2018 or 2019. Third, we were unable to examine the status of comorbidities, COVID-19, and insurance as possible confounders in the survival analysis, as we lacked information on them.




5 Conclusion

To the best of our knowledge, this is the first nationwide cohort study to investigate the effect of the COVID-19 pandemic on the presentation, treatment, and survival of early breast cancer patients. We observed a shift towards advanced-stage breast cancers and a potential for over- or undertreatment in 2020. Patients with breast cancer had worse OS during the pandemic compared to that in the pre-pandemic period; however, their BCSS remained unaffected. Further research is necessary to investigate the reasons behind the divergence of clinical practice from established guidelines and evaluate the impact of such deviations on breast cancer outcomes.
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