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ABSTRACT

Purpose: The coronavirus disease 2019 (COVID-19) pandemic has significantly impacted the
rates of screening, case identification, and referral for cancer diagnosis. We investigated the
diagnosis and surgery status of breast cancer before and after the COVID-19 pandemic at a
multi-institutional level.

Methods: We collected breast cancer data from the clinical data warehouse which contained
the medical records of patients from six academic institutions in South Korea. Patients were
divided into two groups: February to April (period A) and May to July (period B). The data
from the two groups were then compared against the same periods in 2019 and 2020. The
primary objective was to investigate the differences in breast cancer stages before and after
the COVID-19 pandemic.

Results: Among 3,038 patients, there was a 9.9% reduction in the number of diagnoses in
2020. This decrease was more significant during period A than period B. The breast cancer
stage was not statistically different in period A (p = 0.115), but it was in period B (p = 0.001).
In the subset analysis according to age, there was a statistical difference between 2019 and
2020 in period B for patients under the age of 65 years (p = 0.002), but no difference was
observed in the other groups.

Conclusion: The number of breast cancer cases declined during the pandemic, and the
staging distribution has changed after the pandemic peak.
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INTRODUCTION

More than one year has passed since the first coronavirus disease 2019 (COVID-19) case was
confirmed on January 20, 2020, in South Korea. Screening, case identification, and referral
for symptomatic cancer diagnosis have all been affected by the COVID-19 pandemic [1,2].
Specifically, most routine preventive activities have been reduced, including active screening
programs [3]. Analyzing data from a network of 20 institutions with 28 million patients
suggested a significant reduction in the number of breast cancer patients [1]. In addition,
breast cancer screening has declined drastically by 89.2% [1].

Few guidelines have been found on breast cancer screening and new diagnosis, in contrast
to guidelines for triage, prioritization, and treatment [4,5]. Specific recommendations
regarding cancer screening and diagnostic testing during the pandemic should be based on
the state of COVID-19 cases in a community as well as the availability of resources. Although
screening for breast cancer is widely advocated in many countries, some have shut down
their cancer screening programs during the pandemic [6]. As of August 2020, the American
Society for Clinical Oncology (ASCO) guidelines recommended postponing most cancer
screening procedures to conserve health system resources and reduce patient contact

with healthcare facilities unless clinically relevant cancer is suspected [7]. However, as the
COVID-19 pandemic extends over the past year, postponing screening and diagnosis can

be increasingly dangerous. Concerns have been raised about the ramifications of halting
national screening programs during the pandemic [8,9].

Telemedicine can be accessed directly from home and may reduce the risk of contracting
COVID-19 by restricting person-to-person contact. Telemedicine and virtual visits have
expanded across oncologic care during the COVID-19 pandemic [10], and the European
Society for Medical Oncology (ESMO) and ASCO suggested that patients who do not require
direct examination, treatment, or diagnostics should participate in telemedicine during the
pandemic. However, the difficulty in conducting in-office visits can be a hurdle for newly
identified breast cancer. In addition, breast cancer screening and diagnosis require imaging
modalities and procedures.

Due to the conditions that existed during the pandemic, it has become known that breast
cancer diagnoses may have been delayed [11,12]. The risk of a delayed cancer diagnosis
should be compared with serious complications or mortality from COVID-19. The goal of
this study was to determine whether breast cancer screening and diagnosis have indeed

been delayed significantly enough to result in the stage migration of cancer patients. We
hypothesized that there would be a shift to a more advanced stage among patients diagnosed
during the pandemic period, relative to those diagnosed beforehand. In addition, we
assessed whether there were differences according to age in order to evaluate the competing
risks of cancer versus infection. This is because the age of 65 years is an established risk factor
for severe COVID-19 [13-16]. Older people are more likely to develop serious complications of
COVID-19 and have a higher mortality rate [15,16].

METHODS

Data on patients diagnosed with breast cancer from February 2019 to July 2020 were collected
retrospectively from the clinical data warehouse (CDW), which contained the medical records
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of patients from academic institutions of the Catholic Medical Center in South Korea (http://
cohort.cmcnu.or.kr). In total 3,038 patients were included in the CDW. Medical records were
analyzed from the data extracted from the CDW in text format. This study collected de-
identified data from female patients aged 18 years and older with pathologically confirmed
invasive or in situ breast malignancy at six academic institutions: Incheon St. Mary’s Hospital,
Yeouido St. Mary’s Hospital, Uijeongbu St. Mary’s Hospital, St. Vincent’s Hospital, Seoul St.
Mary’s Hospital, and Bucheon St. Mary’s Hospital. We also obtained demographic data, clinical
manifestations, and laboratory findings, including polymerase chain reaction (PCR) test results
for COVID-19 and radiologic images of the enrolled patients by reviewing their medical records.
The number of patients was analyzed by the data from the CDW. Study participants were
divided into two groups according to their initial date of malignancy diagnosis: from February
1 to April 30 (period A) and from May 1 to July 31 (period B). We set period A from February to
April, which was when the country’s crisis alert level was raised to level IV (the highest level)
and the number of COVID-19 cases rapidly increased in 2020. The government provided a plan
for stronger social distancing on March 22. On April 20, it was announced that social distancing
would continue in a somewhat relaxed form until May 5. A new routine of distancing in daily life
was applied on May 6. This was a sub-category of social distancing, the lowest phase-one social
distancing. In April, the number of COVID-19 patients decreased to less than 100, but the social
activity and mood changed as of May. Therefore, period B was set to the same period of three
months from May to July. Figure 1 shows the trend in COVID-19 occurrence in South Korea
from the date of the first-identified case to July 2020 and the number of newly identified breast
cancer patients per month in the six university hospitals. Data from the two groups were then
compared with those from the corresponding periods in 2019 and 2020. The tumor stage was
based on the tumor-node-metastasis (TNM) classification of the American Joint Committee on
Cancer eighth edition. Clinical characteristics and stage migrations were analyzed using data
from the medical records. A total of 2,398 patients were included in this study, including 1,090
in period A and 1,308 in period B. The cohorts from periods A and B had similar characteristics,
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including age, stage, and region (Table 1).
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Figure 1. Timeline of the COVID-19 pandemic in South Korea and the number of breast cancer diagnoses.
COVID-19 = coronavirus disease 2019.
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Table 1. Characteristics from electrical medical records database (n = 2,398)

Characteristics All patients (n =2,398)  Period A (n =1,090)  Period B (n =1,308) p-value
Age (yr) 0.076
Median 53 53 53
Range 19-96 21-91 19-96
Age group (yr) 0.164
<65 1,969 (82.1) 907 (83.1) 1,062 (81.2)
> 65 497 (17.8) 183 (16.8) 246 (18.8)
Unknown 2 (0.1) 2 (0.2) 0 (0.0)
Year 0.032
2019 (pre-COVID-19) 1,267 (52.8) 602 (55.2) 665 (50.8)
2020 (COVID-19) 1,131 (47.9) 488 (44.8) 643 (49.2)
cT stage 0.195
0 420 (17.5) 186 (17.1) 234 (17.9)
1 696 (29.0) 346 (31.7) 350 (26.8)
2 676 (28.2) 297 (27.2) 379 (29.0)
3 140 (5.8) 65 (6.0) 75 (5.7)
4 24 (1.0) 13 (1.2) 11 (0.8)
Unknown 449 (18.4) 183 (16.8) 9259 (19.8)
cN stage 0.338
0 1,055 (44.0) 516 (47.3) 539 (41.9)
1 472 (19.7) 210 (19.3) 262 (20.0)
2 7(0.3) 4(0.4) 3(0.2)
3 45 (1.9) 19 (1.7) 26 (2.0)
Unknown 819 (34.15) 341 (31.3) 478 (36.5)
Location 0.092
Seoul 548 (22.9) 235 (21.6) 313 (23.9)
Incheon 455 (19.0) 205 (18.8) 250 (19.1)
Gyeonggi-do (east) 548 (22.9) 243 (22.3) 305 (23.3)
Gyeonggi-do (west) 470 (19.6) 212 (19.4) 258 (19.7)
Others 359 (15.0) 183 (16.8) 176 (13.5)
Unknown 18 (0.8) 12 (1.1) 6 (0.5)

Values are presented as number of patients (%) not otherwise specified.
COVID-19 = coronavirus disease 2019; cT = clinical tumor stage; cN = clinical nodal stage.

The main goal of this study was to determine whether there were any differences in the clinical
stage. We employed a cross-tabulation analysis for the clinical stage using data from the pre-
pandemic and pandemic periods. For staging comparison, patients whose clinical stage could
be assessed without any associated missing data were enrolled and analyzed. Subgroups divided
according to time course and age, were also analyzed for clinical stage migration. We set a cutoff
age of 65 years because that age is an established risk factor for severe COVID-19 [13-16]. Using
CDW data, we compared the differences in the number of patients with breast cancer screening,
newly identified disease, and surgery between 2019 and 2020. The number of breast cancer
screenings was defined as mammography or breast ultrasonography in the asymptomatic group.
The screening data consisted of people who had undergone mammography or breast sonography
in the health care screening center; those who had taken images in an outpatient setting

and those who were hospitalized or admitted to the emergency department were excluded.
Primary imaging modalities for breast cancer were also tracked by assessing the number of
mammography or breast ultrasonography examinations in the asymptomatic and diagnostic
groups, including those at the outpatient clinic. The number of mammography and breast
sonography was counted separately and summed. Cancer surgeries were compared by stratifying
the patients into breast and axillary operations. Reconstruction surgeries were also performed
for patients with breast cancer. Breast diagnoses and screening were analyzed according to age.
This study was approved by the Institutional Review Board of the Catholic Medical Center (IRB
No. XC20WIDIO138) and was conducted in accordance with the tenets of the Declaration of
Helsinki. Informed consent was not required from study participants.
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Continuous variables are expressed as mean (standard deviation) values, and categorical
variables are expressed as percentages (frequency). Continuous variables were analyzed using
the unpaired #-test or analysis of variance, and categorical variables were analyzed using the
x* test or Fisher’s exact test. Pearson’s y test was applied for dichotomous variables if the
expected frequency was greater than five, whereas Fisher’s exact test was applied if it was not.
The values from two-sided tests are presented, and a p-value of less than 0.05 was considered
statistically significant. All statistical analyses were performed using Statistical Package for
the Social Sciences, version 26.0 (IBM Corporation, Armonk, USA).

RESULTS

Overall, the number of newly diagnosed breast cancer cases was 1,669 from February to

July 2019 and 1,369 in the same period in 2020 (a decrease of 9.9%). More specifically, the
number of new cases decreased by 11.2% in period A and 8.8% in period B relative to 2019,
showing a 2.4% greater reduction in period A than in period B (Figure 2A, Supplementary
Table 1). In comparing the difference between the number of patients in the two periods by
age, the decrease in diagnosis in 2020 was seen mainly among patients in their 40s to 70s
in both periods. In period A, the differences were 11.6%, 24.5%, 39.4%, and 20.0% in those
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Figure 2. Numbers of newly diagnosed breast cancer patients before and after the COVID-19 pandemic at six university hospitals.
(A) During periods A (February to April) and B (May to July). (B) According to age during period A. (C) According to age during period B.

COVID-19 = coronavirus disease 2019.
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in their 40s, 50s, 60, and 70s, respectively. In period B, 12.5%, 44.5%, 24.2%, and 14.1% in
those in their 40s, 50s, 60, and 70s, respectively. (Figure 2B and C, Supplementary Table 2).

The total number of breast cancer screenings was reduced by 27.4% in 2020 and was even
lower in period A than in period B. A steep decline of 41% was observed in period A when the
number of COVID-19 cases surged (Figure 3A, Supplementary Table 1). The total number of
mammograms and breast ultrasonography examinations also decreased in 2020 (Figure 3B,
Supplementary Table 1), with decreases 0f 17.7% and 6.9% in periods A and B, respectively.
According to age, the screening analysis showed a further decline in the older group during
period A. The decline was most prominent in patients in their 50s and 60s, whereas, in
period B, there was a greater decrease in the younger group (Figure 3C and D, Supplementary
Table 3).

The absolute number of surgeries decreased in both periods, but the number of lumpectomy
cases in 2019 and 2020 were comparable; only the number of total mastectomy procedures
was reduced in 2020 (Figure 4A and B, Supplementary Table 1). Statistical analysis showed
no difference in breast surgery in period A (p = 0.212) but a significant difference in period B
(p=0.003). The number of lymph node surgeries was statistically different in both periods
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Figure 3. Numbers of breast imaging modalities (mammogram and breast sonography).
(A) Numbers of breast cancer screening (asymptomatic group). (B) Numbers of primary breast imaging modalities (asymptomatic and diagnostic groups). (C)
Numbers of breast cancer screenings according to age during period A (February to April). (D) Numbers of breast cancer screenings according to age during

period B (May to July).
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Figure 4. Numbers of breast cancer surgeries.

(A) Breast surgeries during period A (February to April). (B) Breast surgeries during period B (May to July). (C) Numbers of axillary surgeries. (D) Numbers of
reconstruction surgeries.

SLNB = sentinel lymph node biopsy; ALND = axillary lymph node dissection.

(»=0.026 in period A and p < 0.001 in period B). The number of sentinel biopsies decreased
in 2020 during period A but was performed more frequently during period B (Figure 4C,
Supplementary Table 1). Meanwhile, the absolute number of axillary lymph node dissections
decreased in both periods, and the rate of reconstruction surgeries decreased in period A but
recovered in period B (Figure 4C and D, Supplementary Table 1).

Looking at the stage distribution relative to that of the previous year, there was no statistically
significant difference in period A (Figure 5A, Table 2) (p = 0.115). However, in period B, the
stage distribution differed between 2019 and 2020 (Figure 5B, Table 2) (p = 0.001). In period
B, the ratios were 31.9% in 2019 and 22.1% in 2020 for stage I, and 25.8% in 2019 and 22.9%
in 2020 for stage IIA. The proportion of patients with stage IV disease was 4.5% and 5.6% in
2019 and 2020, respectively. Although stages I and IIA invasive cancer were more frequently
diagnosed during the pre-pandemic period, the rate of stages IIB (13.2% in 2019, 17.01% in
2020) and IV diagnoses increased during the pandemic. The rate of in situ cases was also
higher during the pandemic (16.7% in 2019 and 25.0% in 2020). The stage distribution was
analyzed according to age (younger or older than 65 years). There was a statistical difference
only in period B in patients under the age of 65 years (p = 0.002), but no difference was
observed in the other groups (Figure 6, Table 3).
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Table 2. Clinical stage distribution of breast cancer according to period
Periods Years cStage p-value
(0] | 1A 11B 1A 1B 1c \% Total
Period A 2020 98(22.0) 123(27.6) 120 (26.9)  61(13.5) 14 (3.1) 4(0.9) 9 (2.0) 18 (4.0) 447 0.115
2019 88 (17.4) 171 (33.9) 109 (21.6) 84 (16.4) 21 (4.2) 2 (0.4) 8 (1.6) 929 (4.6) 505
Period B 2020 144 (25.0)  127(227)  132(22.9) 99 (17.01) 27 (4.7) 3(0.5) 13 (2.3) 31(5.6) 576 0.001
2019 90 (16.7) 172 (31.9) 139 (25.8) 71 (13.2) 95 (4.6) 4(0.7) 14 (2.6) 24 (4.5) 539
Values are presented as number of patients (%) not otherwise specified.
cStage = clinical stage.
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Figure 6. Clinical stage distribution of breast cancer according to age.
(A) Patients younger than 65 years in period A (February to April). (B) Patients younger than 65 years in period B (May to July). (C) Patients older than 65 years in

period A. (D) Patients older than 65 years in period B.
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Table 3. Clinical stage distribution of breast cancer according to age

Periods Years cStage p-value
0 | 1A 11B 1A 1B 1c \Y Total
Patients younger than 65 years
Period A 2020  85(22.7) 103 (27.5) 99 (26.4) 55(14.7) 13 (3.5) 3(0.8) 6 (1.6) 1 (2.9) 375 0.326
2019 78 (18.6) 134(31.9) 91(21.7) 74(17.6) 17 (4.1) 1(0.2) 8 (1.9) 17 (4.1) 4920
Period B 2020 120 (25.8) 105(22.5) 101(21.7) 82 (17.6) 22 (4.7) 2(0.4) 12(2.6) 22(4.7) 466 0.002
2019  72(16.0) 147(32.7) 13(25.1)  65(14.4) 18 (4.0) 4(0.9) 1430 17 (3.8) 450
Patients older than 65 years
Period A 2020 13(181) 20 (27.8) 21(29.2)  6(8.3) 1(1.4) 1(1.4) 3(4.2) 7 (5.7) 72 0132
2019 10 (11.8) 37(43.5) 18(21.2) 10 (11.8) 4 (4.7) 1(1.2) 0 (0.0) 5(5.9) 85
Period B 2020 24 (21.8) 22(20.0) 31(28.2) 17(15.5) 5 (4.6) 1(0.9) 1(0.9) 9 (8.2) 110 0.394
2019  18(20.2) 25(28.1) 26(29.2)  6(6.7) 7 (7.9) 0 (0.0) 0 (0.0) 7 (7.9) 89

Values are presented as number of patients (%) not otherwise specified.

cStage = clinical stage.
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DISCUSSION

The healthcare system for cancer was not overloaded, and restrictions on visiting healthcare
facilities were minimal in South Korea during the COVID-19 pandemic. However, the number
of breast cancer screenings, diagnoses, and surgeries decreased relative to that of the pre-
pandemic period. It could be assumed that patients became more afraid to visit hospitals
because of the fear of nosocomial transmission of this novel disease. These fears affected
societies in most countries and were potentially associated with the reduced utilization

of oncology services. Moreover, the degree of decline was more noticeable in the older
patients. This study verified stage differences in breast cancer after the start of the COVID-19
pandemic, particularly among patients younger than 65 years of age.

In comparing the differences between the number of breast cancer patients in the two
periods by age, a decrease was seen mainly among patients in their 40s to 70s in both
periods. The age groups with the most significant decrease were those in their 60s (period A)
and 50s (period B). A more profound decrease was observed in the older age groups (those
in their 50s to 70s) in period A than in period B; this was especially noticeable in those in
their 50s and 60s. As there was a difference even in 80-89 age group in period A, there was

a relatively greater overall decrease in older patients in this period than in period B. There
was no discernible difference in those aged < 40 years who were not included in the national
cancer screening program [17]. In addition, there was a minor difference in patients in their
80s, which was assumed to be the cause of lower activity in the breast cancer tests [17].

In period B, lower rates of stages I and IIA were observed in 2020, while stages IIB and IV
were observed at a higher rate in 2020. For stages IIB, IIIA, and IIIB, the number of newly
diagnosed patients was small, with the differences in patient numbers between 2019 and
2020 being 2, 1, and 1, respectively. Additionally, although the percentage of in situ cases was
higher in the pandemic period, the absolute number of in situ cases was small. The clinical
stage, but not the pathologic stage, of breast cancer was compared in this study. Since 2010,
the proportion of neoadjuvant chemotherapy has increased regardless of the tumor subtype
[18]. Many patients with estrogen receptor (ER)-positive and human epidermal growth
factor receptor 2 (HER2)-negative primary breast cancer attempted to postpone surgery in
favor of neoadjuvant endocrine therapy during the COVID-19 pandemic [19]. In this study,
patients younger than 65 years exhibited more prominent cancer stage migration, despite
their reduced reluctance to visit a hospital during the pandemic, relative to older patients.
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The reason for this finding has not yet been ascertained. Young patients tend to present at
more advanced stages, and their tumors tend to be of higher grades, be hormone receptor-
negative, have increased HER2 overexpression, and display more lymphovascular invasion
[20,21].

Although COVID-19 itself'is a problem, delays in cancer diagnosis due to the COVID-19
pandemic are also expected to lead to many problems, including increased mortality rates. In
a breast cancer modeling study, Sud et al. [22] contended that a three-month delay in patient
presentation would result in 734 additional deaths and 15,339 life-years lost. Attributable
life-years lost were the highest for breast cancer. The National Cancer Institute also predicts
that 10,000 excess deaths from breast and colorectal cancers alone will occur over the next
decade in the United States [23]. Similarly, Maringe et al. [12] estimated that there might be
an increase in cancer deaths due to diagnostic delays over the next 5 years, including 9.6% in
patients with breast cancer.

Since 2000, we have experienced epidemics and pandemics of several novel infectious
diseases, including severe acute respiratory syndrome (SARS), H5N1, and Middle East
respiratory syndrome (MERS). South Korea stood out in the global COVID-19 response, with
fewer than 80,000 cases and 1,500 deaths a year after the first case was reported [24]. Despite
such conditions, the outbreak of COVID-19 as an infectious disease has made people more
reluctant to visit hospitals. Decreased health care utilization has also been observed in the
context of SARS and MERS, respectively [25,26]. Multiple variants of SARS-CoV-2 have been
documented globally during the current pandemic. The delta COVID-19 variant (B.1.617.2)
has grown globally as the most dominant strain [27]. This variant has numerous mutations,
some of which are concerning. Recently, Omicron (B.1.1.529) has spread worldwide [28].
Diagnostic delays for breast cancer could have occurred before returning to normal in these
situations. As a result, we can expect a surge in the number of breast cancer patients at an
advanced stage. Short-term gains achieved for healthcare systems by restricting oncologic
services may later lead to longer-term misery, as significant reductions in mortality have been
attributed to the implementation of screening and diagnostic services.

There were a few missing values among the extracted data in the CDW, which led to

several limitations. Pathological data were incomplete in 1,966 of the 2,398 patients. We
assessed molecular subtypes in 245 patients. Accordingly, pathological stage and molecular
subtype analyses were not performed. At the 2020 San Antonio Breast Cancer Symposium,

a retrospective study reported that more patients had advanced and aggressive types of
breast cancer at the beginning of the COVID-19 pandemic [11]. Fewer patients had hormone
receptor-positive, HER2-negative breast cancer, whereas the rate of triple-negative breast
cancer increased during the COVID-19 pandemic. The study results also showed that more
symptomatic patients were diagnosed in 2020 [11]. However, this study did not compare the
rate of patients with symptomatic breast cancer. Records of the patients’ symptoms were
inaccurate, and few records were documented. Another limitation was that screening was
reduced during the pandemic, but the rate of in situ screening was increased compared with
the pre-pandemic rate. We could not determine why the in situ lesions did not cause upstage
migration during the pandemic. Assessing the pathologic stage and molecular subtypes
might be instrumental in understanding the reasons, but the difficulties of the analysis due
to the lack of data were considered a limitation. Additionally, the rates of neoadjuvant and
adjuvant systemic therapies were not analyzed. The differences in the rate of neoadjuvant
systemic therapies have not been analyzed based on recent trends in breast cancer treatment.
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Furthermore, the time from diagnosis to surgery was expected to be delayed; however,
this could not be analyzed due to insufficient data. Further studies are needed to analyze
pathologic stage differences, stage migration on subtypes, symptoms, and the rate of
neoadjuvant systemic therapy.

In 2021, multiple safe and effective vaccines for COVID-19 have been developed [29]. Based
on these achievements and the aforementioned problems, several national professional
societies, including the ASCO and American Cancer Society, have modified their guidelines
[30]. Therefore, it is necessary to discuss the potential long-lasting deleterious effects of the
COVID-19 pandemic on cancer diagnosis and management. In addition, we should prepare
to deal with the backlog of cases caused by the COVID-19 pandemic and other diagnostic
delay situations. Individuals who have risk factors such as a family history of cancer should
be encouraged to accept vaccination and not avoid putting off routine screenings and
immediately seek medical care if they experience cancer symptoms. These results should
be of particular interest to those younger than 65 years who might be affected by diagnostic
delays and who have relatively lower mortality rates from infectious diseases.

SUPPLEMENTARY MATERIALS
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