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Purpose: To assess whether the COVID-19 pandemic delayed breast cancer diagnosis in
Taiwan, an Asian country with a low COVID-19 incidence.

Methods: The monthly volume of breast biopsies and breast cancers during the COVID-19
pandemic (during January 21 and July 31, 2020) was compared to the same period in 2019
(pre-COVID-19).

Results: Taiwan recorded a lower COVID-19 incidence rate (20.2 cases per million popula-
tion) than other Asian countries. The screen-detected lesions accounted for 55% and 36% of
2019 and 2020 total biopsied lesions, respectively. Total breast biopsy, mammography-
guided, and ultrasound-guided biopsies decreased by 17%, 23%, and 14%, respectively,
from pre-COVID-19 to COVID-19. Monthly differences were significant in total biopsy
(p=0.03), mammography-guided biopsy (p=0.04), and a benign pathology result after breast
biopsy (p<0.01). Nearly 46% decline was noted in the biopsy results of non-invasive breast
cancer in 2020. The number of total breast cancers and early breast cancers (stages 0 and 1)
decreased by 10% and 38%, respectively, during pandemic. Individuals with early breast
cancer accounted for 71% and 49% of the total diagnosed breast cancer in the pre-COVID-19
and COVID-19 periods, respectively (p<0.001).

Conclusion: The pandemic significantly delayed early breast cancer detection in Taiwan
despite low COVID-19 incidence.

Clinical Trial Registration: ClinicalTrials.gov, NCT04750018.
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Introduction

COVID-19 (Coronavirus disease 2019) has spread rapidly and globally since
December 31, 2019." Taiwan confirmed its first COVID-19 case on January 21,
2020. Based on their experience with the severe acute respiratory syndrome
(SARS) epidemic of 2003, Taiwan’s medical teams were quick to recognize the
crisis and effectively established rapid public health responses to the COVID-19
outbreak.” However, based on their experience with hospital-acquired SARS infec-
tions in 2003, several Taiwanese hesitated to visit hospitals for routine breast
screening or seek consult for their breast symptoms during the COVID-19
pandemic.

Breast cancer is the most common cancer, with the fourth highest mortality rate
among Taiwanese women.* Population-based biennial mammography screening for
Taiwanese women aged 45-69 is associated with a 41% reduction in breast cancer
mortality.” The delay of breast cancer diagnosis may reduce the chance of early
detection and intervention. Our previous study in Taiwan showed that the diagnostic
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and screening mammography exams decreased to 6% and
51%, respectively, during the COVID-19 pandemic.®
Delayed management could be an independent predictor
of more invasive breast cancer.” A previous study of breast
cancer patients in China indicated that delays of more than
6 months resulted in a worse disease-free survival.® Since
the delay of breast cancer diagnosis is critical in clinical
practice, we investigated the impact of the COVID-19
pandemic on breast cancer diagnosis and cancer staging
at a medical center in Taiwan.

Materials and Methods

Ethics Statement

This retrospective study was approved by the hospital’s
institutional review board, and the requirement for
informed consent was waived. Medical records of patients
receiving breast biopsy procedures were retrieved from
a 1455-bed public academic medical center that provides
screening and diagnostic breast exams in Taiwan.

Patients

The test period of the COVID-19 pandemic was between
January 21 and July 31, 2020. Moreover, the control
period of the pre-COVID-19 pandemic was between
January 21 and July 31, 2019, before there was any report
about the virus. All patients receiving a breast biopsy with
the concordant histopathological results (benign breast
disease or breast cancer) and complete medical records
were included in the current study. Confirmed COVID-19
case numbers in Taiwan were acquired from Taiwan’s
National Health Command Center.” Anonymized records
of breast biopsies and cancer registration in a single insti-
tution in southern Taiwan in the pre-COVID-19 and
COVID-19 periods were reviewed.

Study Design

Patients receiving biopsies with a BI-RADS assessment of
4 or 5 from screening or diagnostic mammography or
ultrasound were analyzed. We further categorized the
biopsy data as ultrasound-guided or mammography-
guided biopsy based on procedure coding. Ultrasound-
guided core needle biopsy (CNB) was performed for
breast lesions visible on ultrasound. Mammography-
guided vacuum-assisted breast biopsy (VAAB) was per-
formed for lesions identified only on mammography, such
as microcalcification or architectural distortion. The
biopsy results of our study were classified into benign

breast disease and breast cancer (including stage zero).
Benign breast disease is defined as any non-malignant
breast condition and includes a wide range of pathological
entities. Breast cancer staging of patients was according to
the 8th edition of the American Joint Committee on
Cancer (AJCC) system.'® Stage 0 or non-invasive breast
cancer is used for ductal carcinoma in situ (DCIS). A pre-
treatment clinical stage, assigned before neoadjuvant ther-
apy, was determined by biopsy results of the primary
breast cancer and axillary lymph nodes supplemented by
imaging exams. Patients without neoadjuvant chemother-
apy were staged based on surgical pathology and imaging
examination. We further categorized stage 0-1 as early
breast cancer and stage 2—4 as non-early breast cancer.

Statistical Analysis

The monthly differences of biopsy procedures and pathol-
ogy results were calculated by subtracting the monthly
pre-COVID-19 case number from the monthly number in
the same months during the COVID-19 period. The nor-
mal distribution of quantitative data was tested using the
Kolmogorov—Smirnov test. Categorical variables were
analyzed using the chi-square test for the association
between categorical variables, paired ¢-test for the monthly
data, and unpaired #-test for the age difference. We calcu-
lated the monthly difference of breast cancers and monthly
new COVID-19 cases with bivariate (Pearson’s R) corre-
lations to evaluate the direction and strength.'' The Phi
coefficient was used as a measure for the correlation of
categorical results.'”> We evaluated biopsy efficiency in
detecting cancers by calculating positive biopsy rates
(number of positive biopsies divided by total number of
biopsies). Statistical analysis was performed using SPSS
software (version 20.0; IBM Corp., Armonk, NY, USA).
All statistical tests are based on two-tailed probability and
a significance level set at a = 0.05. When the p-value is
smaller than 0.05, the result is statistically significant.

Results
As of July 31, 2020, Taiwan had a total of 466 laboratory-
confirmed cases and seven deaths from COVID-19
(Figure 1). Taiwan has reported a lower COVID-19 inci-
dence rate (20.2 cases per million population) compared to
other Asian countries (286 and 279 per million in Japan
and Korea at the same period, respectively).

There were 477 biopsy lesions in 430 women and 398
biopsy procedures in 355 women during the pre-COVID
-19 and COVID-19 periods, respectively (Table 1). The
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Figure | Monthly trend in the number of breast biopsy procedures and breast cancer cases in the periods of 2019 (Pre-COVID-19) and 2020 (COVID-19). A reference map
shows a total number of confirmed COVID-19 cases (including imported and indigenous cases) in Taiwan by months.

age (mean = SD) of breast biopsied cases between pre-
COVID-19 and COVID-19 (51.1 £ 11.7 years and 51.2 +
12.8 years) was not significantly different (p=0.97). The
screen-detected lesions accounted for 55% and 36% of
2019 and 2020 total biopsied lesions, respectively. Total
breast biopsy, mammography-guided, and ultrasound-
guided biopsies decreased by 17%, 23%, and 14%, respec-
tively, from the previous year. The monthly numbers of
total biopsy and mammography biopsy were significantly
lower in 2020 than in 2019 (p=0.03 and 0.04 respectively).
Among the seven study months, only February had more
total breast biopsy cases than the previous year because
the Chinese Lunar New Year holiday 2019 fell in February
(Table 2). A 43% decrease of total biopsy lesions in
2020 January could be due to the start of the COVID-19

outbreak coinciding with the Chinese Lunar New Year
holiday. The monthly biopsy procedures showed a 35%
decline in March 2020 when the pandemic peaked. As the
incidence of COVID-19 declined, the monthly biopsy rate
approached the previous year’s rate (—6%) in June 2020.

Pathology results revealed 128 and 115 breast can-
cers in pre-COVID-19 and COVID-19 period, respec-
tively. There was no significant difference in the age
(mean + SD) of breast cancer women between the pre-
COVID-19 and COVID-19 (55.6 £ 11.7 years and 58.7
+ 12.7 years, p=0.06). The positive biopsy rates were
27% and 29% for pre-COVID-19 and COVID-19 period,
respectively. The monthly number of benign pathology
result was significantly less in 2020 than in 2019
(p<0.01). The total breast cancers on biopsies showed
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Table | Clinical Characteristic of Breast Biopsy Lesions, Percentage Change and Significance of Monthly Difference During Pre-

COVID-19 in 2019 (N=477) and COVID-19 in 2020 (N=398)

2019 (Jan-jul) 2020 (Jan-jul) Percentage Change® Monthly
Difference®
N N % P value
Total biopsy lesion 477 398 -17% 0.03*
Patient Age (years)
<50 223 178 —20% 0.09
> 50 207 177 —14% 0.32
Biopsy method
Mammography 128 98 -23% 0.04*
Ultrasound 349 300 —14% 0.10
Biopsy result
Benign 349 283 -19% <0.01%*
Cancer 128 115 -10% 0.52
Cancer pathology
Invasive 89 94 6% 0.62
Non-invasive 39 21 —46% 0.06

Notes: *Percent change between Pre-COVID-19 and COVID-19 was calculated by subtracting the case count in 2019 from the same study period in 2020 and dividing by
the case count from 2019. PPaired t-test for monthly difference between pre-CVOID-19 (2019) and COVID-19 (2020). Variables of Significance (*p < 0.05, *p < 0.01).

Table 2 Cross-Tabulation of Monthly Breast Biopsy Pathology and Monthly New COVID-19 Cases During 2019 (N=477) and 2020

(N=398)
Month | New COVID-19 Cases Total Biopsy Monthly Percentage Difference® Phi Coefficient®
2019 2020 Total Breast Cancer Benign

Jan© 10 23 13 —43% —60% —39% —-0.07

Feb? 29 55 60 9% 15% 7% 0.01

Mar 283 80 52 —35% —48% —27% —0.08

Apr 107 71 52 —27% —29% —26% —-0.01

May 13 82 72 —12% 4% —16% 0.03

Jun 4 8l 76 —6% 33% —14% 0.08

Jul 20 85 73 —14% 32% —27% 0.13

Notes: *The absolute monthly difference (2020 minus 2019) divided by the value of 2019. °Phi-correlation coefficients between malignancy in breast biopsy and new
COVID-19 cases in each corresponding month of 2019 and 2020. Phi coefficients of 0.05, 0.10 and 0.15 can be considered as weak, moderate and strong association
between groups, respectively. “Only January 21-31 of 2019 and 2020 included. The 2020 Chinese Lunar New Year holiday (January 23-29) coincided with the start of the

COVID-19 pandemic. ¢ Chinese Lunar New Year holiday 2019 fell in February.

a 10% decline in 2020, but the monthly number was
with  the
previous year (p=0.52). Nearly 46% decline was noted

significantly  different in comparison
in the biopsy results of non-invasive breast cancer in
2020. There was a moderate association between the
proportion of cancers diagnosed and COVID-19 when
the pandemic was slowing down in July (Phi=0.13). The
monthly difference in breast cancer cases showed
a highly significant negative linear correlation with
monthly new COVID-19 (r=0.79, p<0.001)
(Figure 2).

cases

Ultimately, 123 cases in 2019 and 111 cases in 2020 were
included for cancer staging. About 78% and 74% of the breast
stagings were based on surgical pathology reports both in the
pre-COVID-19 and COVID-19, while others were based on
pre-treatment clinical evaluation before neoadjuvant che-
motherapy. Stage 0 and stage 2 breast cancers in 2020 showed
a51% decrease and 84% increase, respectively (Figure 3). The
proportion of cancer staging categories (stage 0 to 4) was
significantly different between the pre-COVID-19 and
COVID-19 era (p=0.01). Individuals with early breast cancer
accounted for 71% and 49% of the total diagnosed breast
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Figure 2 Correlation between new monthly COVID-19 cases (N=466) and
monthly difference of confirmed breast cancer cases between 2019 (N=128) and
2020 (N=115).

cancer in the pre-COVID-19 and COVID-19 periods, respec-
tively (p<0.001). There were a 30% decline and a 58% increase

in the numbers of early and non-early breast cancer, respec-
tively, in the pandemic period.

Discussion
In this single-institution study, a marked decline in breast
biopsies occurred in March 2020 due to the peak of Taiwan’s
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pandemic. Taiwan’s national data on screening mammography
and referral of abnormal screening also dropped rapidly in
March 2020."* The numbers of total breast biopsies, biopsy-
proven breast cancer, and early breast cancer decreased by
17%, 10%, and 30%, respectively, from the pre-COVID-19
to the COVID-19 period. The decline of biopsy procedures
clearly resulted in a delay in early breast cancer detection in the
seven-month pandemic period. Monthly mammography-
guided biopsy significantly decreased because fewer women
underwent screening mammography during the pandemic.’®
The monthly difference in confirmed breast cancers has
a high negative correlation with monthly new COVID-19
cases. A 46% decline of non-invasive cancer during biopsy
resulted in a 30% decrease of early breast cancer in 2020. The
month number of total biopsies, mammography-guided biopsy
and biopsy of benign breast disease were significantly lower in
2020 than the previous year.

For many cancers, treatment delays of 2—6 months could
lead to a considerable proportion of patients with early stage
breast cancer progressing from curable to incurable.'* In a non-
pandemic period, advanced-stage breast cancer could be
related to multiple factors, such as delayed diagnosis, insurance
status, facility distance, or pathology grade.” A cross-sectional
study in the United States showed a 46% decrease in the
combined weekly numbers of 6 cancers during the pandemic,
and breast cancer was the most affected, with a 51%
reduction."> The Netherlands Cancer Registry reported an

84%

Breast cancer staging based on 8" AJCC system

Figure 3 Percentage change of the number in breast cancer staging categories (stage 0—4) from pre-COVID-19 to COVID-19.
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average weekly decline of 27% in all national cancer inci-
dences at the end of February 2020 due to delayed or postponed
hospital visits.'® In this seven-month study, we did not find
a significant decrease in the number of breast cancers in 2020
for Taiwan.

A meta-analysis including 38 studies of breast cancer
found that delays of 3—6 months were significantly associated
with worse survival.'” An average of 11 months of diagnostic
delay of breast cancer resulted in a 1.3-fold larger breast cancer
size and a 37% decrease in stage 0 breast cancer.'® We also
found a 51% decrease in stage 0 in the seven-month COVID-
19 period. As non-emergency mammography services and
non-essential hospital visits were largely discouraged during
the pandemic,'”*° suspension of this routine breast screening
may predispose women at a higher risk of poor outcomes.?'
Biennial screening mammography in Taiwan was substantially
reduced during the pandemic, with a 45% decrease in the total
volume during this period.® In addition, the national diagnostic
referral rate of abnormal screening mammography dropped to
7% in April 2020.> A survey of the United States breast cancer
survivors found that 44% of the participants also delayed
clinical cancer care during the pandemic.”®> Considerable
increases in preventable breast cancer deaths are expected
due to screening and diagnostic delays during the COVID-19
pandemic.”?

Our study found a 51% decrease in early breast cancer
during the seven-month pandemic period. There is also
other evidence that the proportion of early breast cancers
decreased during COVID-19.%**° Such delayed diagnosis
and biopsy may have late and long-term effects on cancer
treatment.”> A national population-based modeling study
from the UK estimated the impact of the diagnostic delay
of breast cancer for the 12-month pandemic period and
will cause a 1.0~1.1% decrease in cancer survival.”*

There was no official recommendation about women with
suspicious breast lesions from the Taiwan Breast Cancer
Society during this period, and mammography screening and
routine clinical breast care continued in Taiwan during the
pandemic. However, several medical societies and breast can-
cer experts urged the medical staff to delay most breast ima-
ging during the pandemic crisis. European breast specialists
recommended that routine mammographic exams should be
suspended except for symptomatic women.'® Biopsy of BI-
RADS 4A lesions and short-term follow-up imaging examina-
tions are considered “not immediately necessary”.” To balance
the risk of delayed treatment and risk of virus infection, the
Breast Cancer Consortium developed a risk-stratified tool to

generate a score based on clinical factors and recommenda-
tions during the pandemic.*®

During this pandemic, tight surveillance can reduce sus-
pected COVID-19 transmission, but it may also diminish
women’s willingness for breast biopsy and further referral
service after an abnormal screening mammogram. There are
many potential barriers to breast cancer diagnosis. Barriers to
early detection of breast cancer are particularly relevant due to
the lack of medical information, fear of disease, decreased
accessibility of the health care system, and other socio-
cultural impediments. The pandemic could also be
a temporary barrier to breast cancer biopsy and early cancer
diagnosis. Government and health care providers should
encourage women with suspicious symptoms to seek medical
help and further work-ups during the pandemic.

This study has several limitations. First, this retrospective
study was conducted from a single large institution in Taiwan,
and Taiwan’s prevalence of COVID-19 is much lower than that
in other countries,' these results may have limited general-
izability to women in other affected countries. The clinical
impact of COVID-19 on breast cancer diagnoses could be
unprecedented and long-lasting in countries with high preva-
lence. Second, multiple causes may have led to delayed breast
biopsy. However, within the current cohort, we were unable to
accurately discriminate the causes of delay. As hospital
resources and medical staffs were not limited during this pan-
demic period in Taiwan, psychological fear and anxiety of
patients could directly impact the delayed diagnosis. Finally,
the long-term effects of delayed breast cancer diagnosis during
the COVID-19 pandemic or indications for subsequent waves
and future disasters require data that is not currently available
and is an important topic of future research.

Conclusions

Despite the lower prevalence of COVID-19 in Taiwan, the
pandemic over a seven-month has significantly reduced
the number of early breast cancer.

Abbreviations

COVID-19, Coronavirus disease 2019; SARS, severe
acute respiratory syndrome; CNB, core needle biopsy;
VAAB, vacuum assisted breast biopsy.
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