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Purpose The coronavirus disease 2019 (COVID-19) outbreak has significantly impacted the diagnosis and treatment of breast can-
cer. Our study investigated the change in diagnosis and treatment of breast cancer with the progress of COVID-19 pandemic.

Materials and Methods The study group comprised 6,514 recently diagnosed breast cancer patients between January 1, 2019, and
February 28, 2021. The patients were divided into two groups: pre-COVID-19 period (3,182; January 2019 to December 2019) and
COVID-19 pandemic period (3,332; January 2020 to February 2021). Clinicopathological information related to the first treatment
after breast cancer diagnosis was retrospectively collected and analyzed in the two groups.

Results Among the 6,514 breast cancer patients, 3,182 were in the pre-COVID-19 period and 3,332 were in the COVID-19 pandem-
ic period. According to our evaluation, the least breast cancer diagnosis (21.8%) was seen in the first quarter of 2020. The diagnosis
increased gradually except for the fourth quarter in 2020. While early-stage breast cancer was diagnosed 1,601 (48.1%) during the
COVID-19 pandemic (p=0.001), the number of surgical treatments increased 4.6% (p < 0.001), and the treatment time was slightly
shorter 2 days (p=0.001). The breast cancer subtype distribution was not statistically different between the pre-COVID-19 and
COVID-19 period groups.

Conclusion In the early stages of the pandemic, the number of breast cancer cases temporarily decreased; however, they stabilized
soon, and no significant differences could be identified in the diagnosis and treatment when compared to the period before the
pandemic.
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Introduction

The response to the global spread of coronavirus disease
2019 (COVID-19) has restructured the health system by
urgently identifying and defining health priorities [1]. To
minimize the risk to the vulnerable patient population, such
as those with cancer, several international associations of
healthcare providers recommended cancellation, postpone-
ment, or adjustment of non-emergency cancer-related pro-
cedures [2,3]. Nevertheless, the COVID-19 outbreak caused
worldwide delays in the diagnosis and treatment of cancer
patients. Previous studies have also shown that reporting of
cancer rates have declined during pandemics in many coun-
tries [4-8]. Since the first COVID-19 case on January 20, 2020,
in South Korea [9], the pandemic has placed a heavy burden

on the Korean healthcare system. However, insufficient data
currently exists to understand the effect of COVID-19 on
breast cancer diagnosis and treatment in medical institutions
that focus on cancer therapy.

Therefore, in this study, we investigated the consequence
of the COVID-19 pandemic on breast cancer diagnosis and
treatment. For this purpose, differences in clinicopathologi-
cal factors during the COVID-19 pandemic were evaluated.

Materials and Methods

1. Study population and data collection
The study population consisted of 6,514 patients with
newly diagnosed breast cancer. Data were retrospectively
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collected from patients newly diagnosed between January
2019 and February 2021 at the National Cancer Center, Seoul
National University Hospital, and Seoul National University
Bundang Hospital. All patients diagnosed with carcinoma in
situ during the above-mentioned period, or those diagnosed
with breast cancer before January 1, 2019, and received prior
treatment at other hospitals and visited the hospital as a new
patient, were excluded from the study.

The patients’ clinicopathological characteristics, as record-
ed in medical records, were analyzed. We divided the pati-
ents into two period groups based on their initial diagnosis
of breast cancer. The pre-COVID-19 period group consisted
of patients diagnosed from January 1, 2019, to December 31,
2019 while the COVID-19 period group was from January 1,
2020, to February 28, 2021. To investigate clinicopathologi-
cal characteristics, tumor stage was evaluated based on the
eighth edition of the American Joint Committee on Cancer.
Stage was defined as ‘the clinical stage’ for patients who
received neoadjuvant treatment, including chemotherapy,
endocrine therapy, or radiotherapy as an initial treatment,
and ‘the pathological stage’ for patients who underwent
surgery. To assess quarterly differences, the number of diag-
noses a, staging distribution for each of the four quarters of
2019 and 2020 were compared.

2. Statistical analyses

Patient characteristics were summarized using mean and
standard deviation for continuous variables and frequency
counts with percentages for categorical variables. For clinical
factors, the chi-square test or Fisher’s exact test was used for
categorical variables, and the T-test was used for continuous
variables for the two groups. The Wilcoxon rank sum test
was used to determine the median difference in time dura-
tion. To compare the pre-COVID-19 and COVID-19 period
groups of each hospital, chi-square test, Fisher’s exact test,
t test, or Wilcoxon rank sum test were used. All statistical
analyses were performed using R ver. 4.1.2 (R Core Team,
Vienna, Austria), and a p-value < 0.05 was considered statis-
tically significant.

Results

1. Patterns of diagnosed breast cancer

Among the 6,514 patients, 3,182 cases (48.9%) were newly
diagnosed in the pre-COVID-19 period, while 3,332 cases
(51.1%) were diagnosed in the COVID-19 pandemic period.

When comparing the two groups during the two periods
of 2019 and 2020, the number of breast cancer cases was 3,182
in 2019 and 2,984 cases in 2020. The rate of newly diagnosed
breast cancer decreased by 6.2% in 2020 compared with
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Fig. 1. Number of newly diagnosed breast cancer patients after
onset of coronavirus disease 2019 (COVID-19) at three hospitals.

Trends in breast cancer stage proportion
(%) after COVID-19 outbreak

100 - 40,000
gg T M - 35,000
20 30,000
60 - 25,000
50 L 20,000
gg' - 15,000
20 10,000
104 5,000
0- Lo

10 20 30 40 11 20 30 40

2019 2020

® Stage | ™ Stagell = Stagelll = Stage IV
—o— Incidence of COVID-19

Fig. 2. Trends in breast cancer stage proportion after coronavirus
disease 2019 (COVID-19) outbreak.

that in 2019. Our analysis shows that the highest diagnosis
(26.5%) was seen in the first quarter of 2019 and decreased
toward the second half of the year. However, the lowest
diagnosis (21.8%) was visible in the first quarter of 2020,
which increased gradually with a slight decrease in the fourth
quarter. A statistically significant difference (p < 0.001) in the
trend of diagnosis per quarter could be observed (Fig. 1).
The quarterly differences between 2019 and 2020 were
statistically significant based on the cancer stage distribu-
tion. In the second quarter of 2020, when the incidence of
COVID-19 was lowest, stage II (38.3% in 2020 vs. 36.9% in
2019) and stage III breast cancer (18.0% in 2020 vs. 14.1% in
2019) reporting increased. Interestingly, as the incidence of
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Table 1. Baseline characteristics of the population

Characteristic Total Pre-COVID-19 COVID-19
(n=6,514) (2019) (n=3,182) (=2020) (n=3,332)
Age (yr)
Mean+SD 53.2+11.1 53.0+£10.9 53.4£11.3 0.1572
Median (min-max) 52 (20-91) 52 (23-88) 52 (20-91)
Age group (yr)
<40 745 (11.4) 360 (11.3) 385 (11.6) 0.320%
41-65 4,850 (74.5) 2,393 (75.2) 2,457 (73.7)
> 65 919 (14.1) 429 (13.5) 490 (14.7)
Age group (yr)
<40 745 (11.4) 360 (11.3) 385 (11.6) 0.556
41-50 2,240 (34.4) 1,106 (34.8) 1,134 (34.0)
51-60 1,908 (29.3) 941 (29.6) 967 (29.0)
61-70 1,120 (17.2) 548 (17.2) 572 (17.2)
>70 501 (7.7) 227 (7.1) 274 (8.2)
Sex
Male 12(0.2) 7(0.2) 5(0.1) 0.5739
Female 6,502 (99.8) 3,175 (99.8) 3,327 (99.9)
Detection of cancer
Screening 3,452 (53.0) 1,638 (51.5) 1,814 (54.4) <0.001%
Symptomatic 2,922 (44.9) 1,490 (46.8) 1,432 (43.0)
Unknown 140 (2.1) 54 (1.7) 86 (2.6)
T category (unknown=48)
0 30(0.5) 24 (0.7) 6(0.2) 0.002»
1 3,587 (55.5) 1,703 (54.1) 1,884 (56.8)
2 2,341 (36.2) 1,161 (36.9) 1,180 (35.6)
3 343 (5.3) 173 (5.5) 170 (5.1)
4 165 (2.5) 88 (2.8) 77 (2.3)
N category (unknown=42)
0 3,968 (61.3) 1,889 (59.9) 2,079 (62.7) 0.071%
1 1,627 (25.1) 821 (26.0) 806 (24.3)
2 510 (7.9) 259 (8.2) 251 (7.6)
3 329 (5.1) 172 (5.5) 157 (4.7)
4 38 (0.6) 14 (0.4) 24(0.7)
Stage
I 3,041 (46.7) 1,440 (45.2) 1,601 (48.1) 0.001%
I 2,405 (36.9) 1,178 (37.0) 1,227 (36.8)
i} 964 (14.8) 495 (15.6) 469 (14.1)
Y 104 (1.6) 69 (2.2) 35 (1.0)
Subtypes (unknown=60)
HR+/HER2— 4,122 (63.9) 2,005 (63.5) 2,117 (64.2) 0.452"
HR+/HER2+ 636 (9.8) 298 (9.4) 338 (10.3)
HR-/HER2+ 714 (11.1) 358 (11.4) 356 (10.8)
HR-/HER2- 982 (15.2) 496 (15.7) 486 (14.7)

Values are presented as number (%) unless otherwise indicated. COVID-19, coronavirus disease 2019; HER2, human epidermal growth fac-
tor receptor 2; HR, hormonal receptor; N, node; SD, standard deviation; T, tumor. t test, ®Chi-squared test, “Fisher’s exact test.

COVID-19 gradually increased in the fourth quarter of 2020, (p <0.001) (Fig. 2).
stage I breast cancer (54.7% in 2020 vs. 48.0% in 2019) was di- We did not observe any statistically significant differences
agnosed significantly higher than in the same period of 2019 in the number of diagnosed patients based on the region in
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Table 2. First treatment of the population

Pre-COVID-19

COVID-19

(2019) (n=3,182) (=2020) (n=3,332)

o Total
Characteristic (n=6,514)
Type of first treatment

Surgery 4,820 (74.0)
Chemotherapy 1,639 (25.2)
Hormone therapy 54 (0.8)
Radiation therapy 1(0.0)
Surgery as first treatment (n=4,820)
Surgery type
BCS 3,415 (70.9)
Mastectomy 1,400 (29.0)
Axillary only 5(0.1)
Chemotherapy as first treatment (n=1,639)
Chemotherapy
Neoadjuvant 1,592 (97.1)
Palliative 47 (2.9)
Time duration from diagnosis to
first treatment (day)
Median (min-max) 36 (0-348)

2,279 (71.6) 2,541 (76.3) <0.001
867 (27.3) 772 (23.2)
36(1.1) 18 (0.5)
0 1(0.0)
1,561 (68.5) 1,854 (73.0) 0.001
714 (31.3) 686 (27.0)
4(0.2) 1(0.0)
838 (96.7) 754 (97.7) 0.2209
29 (3.3) 18 (2.3)
37 (0-348) 35 (0-280) 0.001?

Values are presented as number (%) unless otherwise indicated. BCS, breast conserving surgery; COVID-19, coronavirus disease 2019.

JFisher’s exact test, Wilcoxon rank sum test.

pre-COVID-19 and the COVID-19 pandemic period groups,
even though population density varied between various
regions visited by the institution. Gyeonggi/Incheon acc-
ounted for the largest proportion, followed by Seoul and
Gyeongsang-do (S1 Fig.).

2. Characteristics of breast cancer

Table 1 describes the clinicopathological characteris-
tics of breast cancer patients. The mean age at diagnosis of
patients with breast cancer was 53.2+11.1 years. The most
common age group was 41-50 years in both groups (34.0%
in the COVID-19 pandemic period vs. 34.8% in the pre—
COVID-19 period, p=0.556). The detection of breast cancer
by screening was higher in the COVID-19 pandemic period
than that in the pre-COVID-19 period (54.4% in the COV-
ID-19 pandemic period vs. 51.5% in the pre-COVID-19 peri-
od, p=0.001). In terms of the extent of the disease, there were
significant statistical differences in the T category and stage
grouping. However, the distribution patterns of the stage in
the two periods were similar (Table 1).

T1 category was observed to be the most common stage in
various T stages with approximately 55% of patients (56.8%
in the COVID-19 pandemic period vs. 54.1% in pre-COV-
ID-19, p=0.002), while the NO category was the most common
in N category with approximately 61% patients (62.7% in the
COVID-19 pandemic period vs. 59.9% in pre-COVID-19,
p=0.071). In the TNM stage, stage I breast cancer was report-

ed most commonly at approximately 46.7% of total patients
(48.1% in the COVID-19 pandemic vs. 45.2% in pre-COV-
ID-19, p=0.001). During the COVID-19 pandemic period,
a tendency to be diagnosed at an early stage was observed
when compared to pre-COVID-19 period (Table 1). We did
not observe any statistically significant differences in the dis-
tribution pattern of each subtype between the two groups.
The hormone receptor (HR)+ subtype was the most com-
mon subtype at approximately 73%, followed by the HR-/
human epidermal growth factor receptor 2 (HER)- subtype
at approximately 15%, and the HR-/HER2+ subtype at
about 11% (Table 1).

3. Differences in treatment of breast cancer

Table 2 presents the observations on the initial treatment
for newly diagnosed breast cancer patients. During the COV-
ID-19 pandemic, surgical treatment increased as the first
treatment strategy for breast cancer, while the use of chemo-
therapy or anti-hormonal therapy as the first treatment strat-
egy significantly declined (p < 0.001). The period from the
date of diagnosis to the first treatment was averaged at 35
days during the COVID-19 pandemic, seemingly 2 days ear-
lier than the pre~COVID-19 period (p=0.001) (Table 2).

We also performed subgroup analysis by hospitals (Table
3). In hospitals 2 and 3, the number of cases where surgery
was used as the first treatment increased significantly dur-
ing the COVID-19 pandemic period (hospital 2: 81.0% in the
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COVID-19 pandemic period vs. 64.8% in the pre-COVID-19
period, p < 0.001; hospital 3: 81.7% in the COVID-19 pan-
demic period vs. 77.2% in the pre-COVID-19 period, p=
0.038). The time from diagnosis to first treatment during the
COVID-19 pandemic period was significantly earlier than
the pre-COVID-19 period i.e., by an average of 41 days at
hospital 1 (5 days earlier, p < 0.001), and 35 days at hospital 2
(2 days earlier, p=0.013).

Discussion

Currently, the COVID-19 pandemic is a primary health
concern in Korea. Since the first outbreak in January 2020,
healthcare system changes have been implemented to match
the changing COVID-19 variants. The Korean Cancer Asso-
ciation recommended the diagnosis and treatment of breast
cancer during the COVID-19 pandemic if a breast cancer
screening test was scheduled and if no COVID-19 symptoms
were present. Breast cancer screening was majorly post-
poned if community medical resources were scarce due to
the spread of COVID-19 infection. Surgery for cancer treat-
ment was not postponed except in special circumstances and
with the recommendation to proceed with the surgery with-
out delay if COVID-19 was in the micro-epidemic stage [10].
The European Society of Medical Oncology and the Ameri-
can Society for Clinical Oncology guidelines recommended
that most cancer screening procedures be postponed to pre-
serve healthcare system resources and reduce patient contact
with medical institutions unless clinically related cancers are
suspected. During the COVID-19 pandemic, telemedicine
was used when direct intervention was not required [11,12].

Consequently, opportunities to visit healthcare institu-
tions in Korea decreased as the government proposed social
distancing as an important COVID-19 response guideline.
According to the 2020 Korean Cancer Registry statistics,
the number of newly diagnosed cancer patients in 2020
decreased by 3% compared to 2019, supposedly due to a
decrease in the number of cancer screenings during that time.

The number of total cancer cases decreased in March
(18.7%) and April (14.4%) 2020 when the first COVID-19
epidemic and high-intensity social distancing were imple-
mented. It increased by 10.7% in June 2020, when the guide-
line was switched to distancing. A similar pattern has been
observed for the other periods as well [13].

One multicenter cohort study in Korea examined the first
and second quarters of 2020 and showed that the number of
patients diagnosed with breast cancer in 2020 decreased to
9.9%, wherein the period from February to April 2020 and
the period from May to July showed 11.2% and 8.8%, respec-
tively. The difference in the initial period was significantly
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higher [14]. Another retrospective multicenter cohort study
reported that the diagnosis and treatment of breast cancer
was significantly delayed during the first quarter of 2020
because of quarantine restrictions. Notably, delayed diag-
nosis and treatment could avoid COVID-19 infection but
increase the potential risk to cancer patients [15]. Similarly,
our study confirmed the decrease in the number of newly
diagnosed breast cancer cases in the first quarter of 2020.
However, the number of diagnoses continuously increased
in the second half of the year, particularly in the 2nd and 3rd
quarters. This was a marked difference from 2019, wherein
the diagnosis decreased as the second quarter progressed.
We assume that it may be the result of a fear of unknown
diseases or the influence of social distancing. COVID-19-
related anxiety affected patient’s decision-making. Emotion-
al support to cancer patients can also be seen as an important
factor during the COVID-19 pandemic [16].

Previous studies have reported that many cancers advan-
ced during the COVID-19 pandemic. In a study from Turkey,
there was a significant increase in newly diagnosed stage IV
breast cancer during the COVID-19 pandemic [17]. Another
study from the United Kingdom reported that breast cancer
patients presented more aggressive patterns, including node
positivity and advanced stage, in 2020 than in 2019 [18].
Interestingly, our study showed results that were different
from previously published studies. During the COVID-19
pandemic, early-stage cancer reporting showed an increase;
as a result, surgical treatment was performed first rather than
neoadjuvant treatment. This is different from previous stud-
ies, possibly, because our institutions focus on cancer treat-
ment, and cancer patients may have easy access at an early
stage. We have shown that those who do not have COVID-19
were actively screened for cancer even during the coronavi-
rus pandemic.

COVID-19 vaccination [19] was introduced in Korea in
February 2021 with a high vaccination rate of approximately
87%. After the 5th peak COVID-19 wave, we are currently
in a COVID-19 pandemic era in which Omicron (B.1.1.529)
is dominating. Compared to the pandemic beginning, the
severity of COVID-19 has been greatly alleviated, and the
medical system and response policies have constantly been
changing. Still, changes in the COVID-19 status could have
a significant impact on the diagnosis and treatment of breast
cancer in the future.

The strength of the study lies in its comparison of changes
in the fourth quarter after the COVID-19 pandemic, unlike
previous studies. Previous studies compared the initial state
in Korea [14,20]; therefore, the subsequent pattern could not
be identified. Furthermore, our study included a large num-
ber of participants and identified the distribution and char-
acteristics of breast cancers during the COVID-19 pandemic.
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When the diagnosis of breast cancer decreased and recov-
ered, the cancer was relatively advanced at the beginning;
however, when the diagnosis service was restored, relatively
early cancer diagnosis increased, confirming the importance
of screening for cancer. In addition, we have confirmed that
an event such as an epidemic/pandemic greatly influences
breast cancer diagnosis.

Our study did possess some limitations. It was a retro-
spective study. Since we analyzed data based on medical
records, data on some clinical factors, such as comorbidity
and other family histories of the subject, were incomplete. In
addition, the symptoms of cancer, mostly subjective, cannot
be compared by subdividing. We did not analyze the diag-
nostic forms of breast cancer after vaccination. Changes in
patterns after vaccination require further analysis. Despite
these limitations, this analysis is useful for understanding
the influence of COVID-19 on patients’ treatment decisions
and emerging acute healthcare issues.

In conclusion, COVID-19 temporarily affected the diagno-
sis and treatment of breast cancer during the early stages of
the COVID-19 outbreak; however, later diagnosis and treat-
ment were stabilized by the quarantine system and treat-
ment recommendations.
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