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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 1-111).

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 0-1 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%
Cl =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% Cl = 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
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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

Patients with primary breast cancer
(2018-2020)

N=164,297

Excluded
Sex=male ,N =1,239

Remained

N = 163,058
Excluded
TNM stage unknown, N = 17,406
Unclear TTI, N=3614

Remained
N = 142,038
2018 2019 2020
(N =47,634) (N=49,792) (N =44,612)
FIGURE 1

Flowchart for the SEER (Surveillance, Epidemiology, and End Results)
data screening.
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TABLE 1 Demographics and clinical characteristics of patients diagnosed in 2018, 2019 and 2020.

10.3389/fonc.2024.1412027

Characteristics 2018 2019 2020 Total
(n=47634) (n=49792) (n=44612) (n=142038)
Race <0.001
White 36610 (76.9%) 38177 (76.7%) 33944 (76.1%) 108731
Black 5104 (10.7%) 5452 (10.9%) 5016 (11.2%) 15572
Other 5479 (11.5%) 5728 (11.5%) 5120 (11.5%) 16327
Unknown 441 (0.9%) 435 (0.9%) 532 (1.2%) 1408
Age <0.001
<50 9915 (20.8%) 10382 (20.9%) 9806 (22%) 30103
50<;<70 24514 (51.5%) 25513 (51.2%) 22559 (50.6%) 72586
>70 | 13205 (27.7%)_ 13897 (27.9%) 12247 (27.5%) 39349
Grade <0.001
1 10843 (22.8%) 11200 (22.5%) 9394 (21.1%) 31437
1I 21629 (45.4%) 23182 (46.6%) 20786 (46.6%) 65597
111 14500 (30.4%) 14729 (29.6%) 13779 (30.9%) 43008
Unknown 662 (1.4%) 681 (1.4%) 653 (1.5%) 1996
Subtype <0.001
HR+/Her2- 35728 (75%) 38055 (76.4%) 33422 (74.9%) 107205
HR+/Her2+ 4945 (10.4%) 4778 (9.6%) 4526 (10.1%) 14249
HR-/Her2+ 1899 (4%) 1804 (3.6%) 1796 (4%) 5499
HR-/Her2- 4872 (10.2%) 4931 (9.9%) 4673 (10.5%) 14476
Unknown 190 (0.4%) 224 (0.4%) 195 (0.4%) 609
Stage <0.001
0 33 (0.1%) 42 (0.1%) 52 (0.1%) 127
I 34542 (72.5%) 36723 (73.8%) 32049 (71.8%) 103314
1I 6933 (14.6%) 6773 (13.6%) 6432 (14.4%) 20138
111 3459 (7.3%) 3539 (7.1%) 3431 (7.7%) 10429
v 2667 (5.6%) 2715 (5.5%) 2648 (5.9%) 8030
Surgery <0.001
Aspiration/
biopsy only 3087 (6.5%) 3535 (7.1%) 3755 (8.4%) 10377
Mastectomy 16578 (34.8%) 16734 (33.6%) 15268 (34.2%) 48580
Breast conserving 27944 (58.7%) 29465 (59.2%) 25554 (57.3%) 82963
Unknown 25 (0.1%) 58 (0.1%) 35 (0.1%) 118
Radiation <0.001
No 19363 (40.6%) 20700 (41.6%) 19526 (43.8%) 59589
Yes 28271 (59.4%) 29092 (58.4%) 25086 (56.2%) 82449
Chemotherapy <0.001
No 28797 (60.5%) 30675 (61.6%) 26258 (58.9%) 85730
Yes 18837 (39.5%) 19117 (38.4%) 18354 (41.1%) 56308
(Continued)
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TABLE 1 Continued

2018

acteristics

2019

10.3389/fonc.2024.1412027

2020 Total

(n=47634)

Time to treatment
initiation (month)

(n=49792)

(n=44612) (n=142038)

<0.001

‘ <1 32374 (68%)

‘ >1 15260 (32%)

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.

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, ie., HER2+ or HR- breast
cancer, no significant change was observed in the proportion of
patients with Stage ITI-IV breast cancer (Figures 3B, C).

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 IIT breast cancer patients, no significant change was
observed in the proportion of BCS, CPM, and IBR cases among the
three cohorts (Figures 4B, C).

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
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33091 (66.5%)

16701 (33.5%)

31063 (69.6%) 96528

13549 (30.4%) 45510

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 TTT 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).

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,
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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).

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

Frontiers in Oncology

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
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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-oft was August 2020. The breast
cancer screening program restarted at a reduced capacity, and there

10.3389/fonc.2024.1412027

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

FIGURE 3

1 : significant difference after Bonferroni correction.

Changes of stage distribution in different subtypes
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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

10.3389/fonc.2024.1412027

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
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FIGURE 4
Changes of surgery received in different stages.
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Characteristics HR (95%CI)
Race

White [ | Ref.

Black ' 0.912 (0. 896-0. 928)

Other L 0.965 (0.949-0.981)
Age

<50 Ref.

50<;<70 0.993 (0.979-1.007)

=70 L 1.018 (1.002-1.035)
Grade

1 Ref.

I L 0.983 (0. 969-0.997)

I i 1.020 (1.002-1.038)
Subtype l

HR+/Her2- Ref.

HR+/Her2+ HIH 1.076 (1.056-1.096)

HR-/Her2+ —l— 1.062 (1.031-1.095)

HR-/Her2- | 1.060 (1.038-1.082)
Stage

1 N Ref.

I Hilt 1.095 (1.076-1.114)

111 B 1.234 (1.207-1.261)
Year of diagnosis

2020 | | Ref.

2018 [ | 0.969 (0.956-0. 982)

2019 L 0.959 (0.946-0. 972)

[ ]
0.9 1 1.2
<  Long TTI Short TTI —
FIGURE 5
Factors associated with time to treatment initiation (TTI).

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

Overall survival Breast cancer-sepcific survival
95%Cl 95%Cl
Low High Low High

All patients 2020 251 | Reference 94 | Reference

2018 2056 0.861 0.743 0.996 0.045 944 1.001 0.791 1.267 0.994

2019 1117 0.887 0.766 1.026 0.105 503 0.998 0.789 1.262 0.985
All patients (modify) 2020 251 | Reference 94 | Reference

2018 596 0.842 0.723 0.981 0.027 254 0.945 0.74 1.208 0.652

2019 677 0.912 0.786 1.06 0.231 299 1.055 0.83 1.341 0.663
Subgroup
Patients
with chemotherapy 2020 97 | Reference 40 | Reference

2018 863 0.933 0.738 1.181 0.566 593 1.28 0.902 1.816 0.166

2019 447 0.908 0.718 1.148 0.418 295 1.226 0.865 1.739 0.252

(Continued)
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TABLE 2 Continued

Overall survival Breast cancer-sepcific survival
95%Cl 95%Cl
Events Low High Events Low High
Patients
without 2020 154 | Reference 54 | Reference
chemotherapy
2018 1193 0.814 0.675 0.982 0.031 351 0.757 0.548 1.045 0.09
2019 670 0.873 0.725 1.052 0.153 208 0.805 0.584 1.109 0.185
Patients
. . 2020 35 | Reference 12 | Reference
with radiation
2018 763 0.793 0.547 1.151 0.222 159 0.978 0.525 1.822 0.944
2019 330 0.857 0.591 1.242 0.414 414 0.929 0.498 1.733 0.818
Patients
. . 2020 216 | Reference 82 | Reference
without radiation
2018 1293 0.893 0.761 1.049 0.167 530 1.018 0.788 1.317 0.889
2019 787 0.899 0.767 1.055 0.192 344 1.037 0.803 1.338 0.782

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.

(O BCSS
Characteristics 95% ClI 95% ClI
Low High Low High
Race
White Reference Reference
Black 1.312 1.197 1.438 <0.001 1.174 1.029 1.339 0.017
Other 0.696 0.611 0.793 <0.001 0.743 0.617 0.894 0.002
‘ Age
<50 Reference Reference
50<;<70 1.531 1.363 1.72 <0.001 1.179 1.024 1.358 0.022
=70 4.048 3.606 4.544 <0.001 2.37 2.045 2.748 <0.001
‘ Grade
1 Reference Reference
I 1.161 1.042 1.293 0.007 1.768 1.385 2.257 <0.001
11T 1.595 1.412 1.802 <0.001 2.974 2.313 3.824 <0.001
‘ Subtype
HR+/Her2- Reference Reference
HR+/Her2+ 0.987 0.866 1.126 0.848 0.781 0.634 0.962 0.02
HR-/Her2+ 1.152 0.984 1.348 0.078 1.013 0.816 1.256 091
HR-/Her2- 1.444 1.312 1.59 <0.001 1.555 1.371 1.764 <0.001

(Continued)
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TABLE 3 Continued

oS BCSS
Characteristics 95% Cl 95% Cl
Low High Low High
Stage
1 Reference Reference
I 2.472 2.241 2.727 <0.001 4.366 3.714 5.133 <0.001
11 7.348 6.683 8.078 <0.001 17.644 15.16 20.536 <0.001
‘ Radiation
No Reference Reference
Yes 0.341 0.317 0.367 <0.001 0.366 0.329 0.407 <0.001
Chemotherapy
No Reference Reference
Yes 0.773 0.708 0.844 <0.001 0.935 0.822 1.063 0.305
‘ Year of diagnosis
2020 Reference Reference
2018 0.861 0.743 0.996 0.045 1.001 0.791 1.267 0.994
2019 0.887 0.766 1.026 0.105 0.998 0.789 1.262 0.985

expander reconstruction decreased by 20% (18). A study based on  surgery types (19). All these studies, including ours, demonstrated
the Specific Health Checkups program in Japan showed that the  that the proportion of patients not undergoing surgery increased
proportion of BCS cases without axillary lymph node dissection  significantly in 2020. The proportion of BCS cases decreased in
decreased significantly, whereas no decrease was observed for other 2020 compared to 2018 or 2019. This was also true for Stage I breast

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.

(O} BCSS
Characteristics 95% ClI 95% ClI
Low High Low High
Race
White Reference Reference
Black 1.381 1.207 1.58 <0.001 1.33 1.093 1.618 0.004
Other 0.683 0.561 0.833 <0.001 0.719 0.535 0.966 0.028
‘ Age
<50 Reference Reference
50<5<70 2.032 1.675 2.464 <0.001 1.443 1.13 1.842 0.003
=270 5.251 4.338 6.357 <0.001 3.443 2.693 4.401 <0.001
‘ Grade
1 Reference Reference
I 1.185 1.004 1.397 0.045 1.766 1.215 2.565 0.003
III 1.557 1.294 1.875 <0.001 2.666 1.814 3.919 <0.001

(Continued)
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TABLE 4 Continued

10.3389/fonc.2024.1412027

oS BCSS
Characteristics 95% Cl 95% Cl
Low High Low High
Subtype
HR+/Her2- Reference Reference
HR+/Her2+ 1.326 1.105 1.592 0.002 0.987 0.729 1.337 0.933
HR-/Her2+ 1.365 1.089 1.712 0.007 1.107 0.797 1.538 0.544
HR-/Her2- 1.555 1.345 1.799 <0.001 1.544 1.269 1.88 <0.001
Stage
1 Reference Reference
I 2.48 2.145 2.868 <0.001 4.729 3.687 6.066 <0.001
11T 6.789 5.894 7.819 <0.001 18.161 14.376 22.942 <0.001
Radiation
No Reference Reference
Yes 0.199 0.175 0.225 <0.001 0.191 0.158 0.231 <0.001
Chemotherapy
No Reference Reference
Yes 0.772 0.678 0.879 <0.001 0.943 0.78 1.141 0.546
Year of diagnosis
2020 Reference Reference
2018 0.842 0.723 0.981 0.027 0.945 0.74 1.208 0.652
2019 0.912 0.786 1.06 0.231 1.055 0.83 1.341 0.663

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 IIT 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-
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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

frontiersin.org


https://doi.org/10.3389/fonc.2024.1412027
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Li et al.

(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
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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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