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Abstract

Objective: The ongoing COVID-19 pandemic has caused an indefinite delay to cancer screening programs worldwide. This
study aims to explore the impact on breast cancer screening outcomes such as mammography and diagnosis rates.
Methods: We searched Ovid MEDLINE, Ovid Embase, medRxiv and bioRxiv between January 2020 to October 2021 to identify
studies that reported on the rates of screening mammography and breast cancer diagnosis before and during the pandemic. The
effects of ‘lockdown’ measures, age and ethnicity on outcomes were also examined. All studies were assessed for risk of bias
using the Newcastle-Ottawa Scale (NOS). Rate ratios were calculated for all outcomes and pooled using standard inverse-vari-
ance random effects meta-analysis.

Results: We identified 994 articles, of which 7 registry-based and 24 non-registry-based retrospective cohort studies, including
data on 4,860,786 and 629,823 patients respectively across |18 different countries, were identified. Overall, breast cancer screen-
ing and diagnosis rates dropped by an estimated 41-53% and 18-29% respectively between 2019 and 2020. No differences in
mammogram screening rates depending on patient age or ethnicity were observed. However, countries that implemented lock-
down measures were associated with a significantly greater reduction in mammogram and diagnosis rates between 2019 and
2020 in comparison to those that did not.

Conclusion: The pandemic has caused a substantial reduction in the screening and diagnosis of breast cancer, with reductions
more pronounced in countries under lockdown restrictions. It is early yet to know if delayed screening during the pandemic
translates into higher breast cancer mortality.
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from the International Cancer Screening Network reported

. . that 65 settings (97%) experienced a disruption to cancer
Mass screening programs for colorectal, cervical, and breast . L . . .
: . . 1.3 screening activities, while 60 settings (91%) from 31 countries
neoplasms are available in many developed countries. . . .
. . i suspended their cancer screening programs during the pan-
These programs have been widely successful in reducing

. . . ) . . demic.” In particular, the national screening program for
cancer deaths in multiple settings by identifying premalignant . ;
. ; . ! breast cancer was suspended entirely by the Italian government
conditions and early-stage malignancies to permit early treat-

1-3 . o, ; between March and April 2020 in line with the nationwide full
ment. For instance, it is estimated that the BreastScreen

Program in Australia has prevented approximately 8 deaths
for every 1000 women who participate in mammographic
screening, even at a 56% turnout rate.*> Similarly, in Europe
it has been reported that screening mammography prevented
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The ongoing COVID-19 pandemic has affected the delivery
of cancer screening services worldwide.” In many nations,
healthcare resources were redirected to combat the
COVID-19 pandemic; hence, cancer prevention and control
services were categorised as non-urgent medical procedures.®
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lockdown to slow the spread of coronavirus.'® Despite the
gradual resumption of the screening program from May
2020, 980,994 fewer invitations were sent out for mammog-
raphy screening in Italy from January to December 2020 com-
pared with 2021."°

Currently, little information is available about the effect of
the COVID-19 pandemic on breast cancer screening and diag-
nosis rates worldwide. Therefore, a rapid review was carried
out to investigate the change in rates of mammographic screen-
ing and breast cancer diagnosis during the COVID-19 pan-
demic in comparison to the same time period prior to the
beginning of the pandemic. The effects of ‘lockdown’ policies,
age and ethnicity on cancer screening rates were studied, as
well as the effects of the pandemic on the diagnosis of different
stages of breast cancer. We anticipate that the findings of this
review will inform policymaking with respect to the impact
of the postponement of breast cancer screening programs, as
well as raising attention on the impact of the pandemic on
at-risk populations outside of the developed world.

Methods

Data sources and search strategy

This rapid review is reported in accordance with the PRISMA
2020 statement.'' In the interest of time, the authors did not
pre-register the protocol for this review. An extensive elec-
tronic search of MEDLINE and Embase (both via Ovid) was
conducted on October 1%, 2021 to identify relevant articles
using free-text terms and controlled vocabulary relating to
“breast cancer”, “cancer screening” and “cancer diagnosis”
and the built-in COVID-19 filter in the Ovid search engine.
A manual search of the pre-print servers medRxiv and
bioRxiv was also performed. Given the aim of the review
was to explore COVID-19 related impacts on breast cancer
screening and diagnosis rates, reports published before
January 1%, 2020 were excluded. No language restrictions
were placed on any of the searches. The full electronic search
strategy is reported in Supplementary Table S1.

Eligibility criteria

Retrospective cohort studies that examined the impact of
COVID-19 on mammographic screening and breast cancer
diagnosis rates were eligible for this review. Specifically,
studies that reported the number of women eligible for mam-
mographic screening and/or who were diagnosed with breast
cancer during the pandemic were considered. January 1%,
2020 was designated as the start of the pandemic, in line
with the announcement of a mysterious pneumonia caused by
the novel coronavirus in Wuhan, China by the World Health
Organisation (WHO).'? Studies that did not compare breast
cancer screening and/or diagnosis rates during the pandemic
with the same period of time in 2019 were excluded. Reports
on breast cancer screening through clinical breast examination
and/or self-breast examination were also omitted. Only studies
that reported on real-world data were considered; thus, studies
using simulated data were also excluded.

Selection procedures

All references returned from the search were imported into
Covidence (Covidence systematic review software, Veritas
Health Innovation, Melbourne, Australia), a database management
system for systematic reviews, and deduplicated.’® Titles and
abstracts, then full-text articles (when available), were then
screened against the selection criteria outlined above. Articles
that were found to be eligible after both stages were included
for further analysis. If the same data were reported by more than
one article, articles were merged into a single study for the extrac-
tion process. The entire selection process was completed by a
single reviewer (JSN) in view of restricted time and resources.

Data extraction

A data extraction template was developed in Covidence based
on a pre-prepared checklist.'? A test run was conducted on
several studies before commencing the formal data extraction
process. Details including the surname of first author, year of
publication, location of study, number of participants, imple-
mentation of lockdown measures, duration of the study, and
count data for the key outcomes of interest (screening and diag-
nosis rates) were extracted. A single reviewer completed the
data collection process from each report in view of limited
time and resources. When required outcome data was unavail-
able, the authors of the studies were contacted.

Methodological quality and reporting biases

The Newcastle-Ottawa Scale (NOS) for the assessment of
cohort studies was used to evaluate the methodological
quality of eligible studies. The three main domains addressed
by the scale are: selection, comparability and outcomes."*
Studies were graded by a single reviewer as high (8-9), moder-
ate (6-7) or low (<5) quality based on the number of stars
awarded in the assessment scale. The risk of publication bias
was assessed by looking for asymmetry in the funnel plots,
as well as discussed narratively.

Statistical analysis

The results of the studies were expressed as rate ratios; defined as
the ratio of the mammographic screening or breast cancer diagno-
sis rates during the pandemic to the mammographic screening or
breast cancer diagnosis rates recorded in the period prior to the
pandemic.'® For the purposes of the study we divided rate
ratios into those derived from registry-based studies and those
that weren’t. We also assumed that the population of women eli-
gible for screening mammography and/or diagnosed with breast
cancer remained stable between 2019 and 2020 and thus defined
the rate ratio as the number of women who received a screening
mammogram or were diagnosed with breast cancer during the
pandemic divided by the number prior to the pandemic. Rate
ratios from eligible studies were log-transformed then pooled in
Review Manager 5.4 using standard inverse-variance random
effects meta-analysis according to the method proposed by Der
Simonian and Laird.'® The standard error (SE) of the log rate
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ratio was estimated as outlined in the Cochrane Handbook for
Systematic Reviews of Interventions.'® Statistical heterogeneity
was examined by inspecting the distribution of effects within
forest plots and the magnitude of corresponding I* statistics
and their 95% confidence intervals.

Subgroup and sensitivity analyses

Where data were available, subgroup analyses were performed
to investigate changes in study outcomes according to whether
participants were: 1) >65 years of age or not, 2) identified as
Caucasian or not, 3) diagnosed with early- or late-stage
breast cancer; and 4) whether the location of interested had
implemented lockdown measures during the period of interest
We used >65 years old as the cut-off age for the sub-analysis of
a screening population because this group has a higher risk of
death from COVID-19; 62 times higher than the 54 years or
younger population.'” Hence, these elderly individuals were
generally advised to stay at home and limit public gatherings
during the pandemic.'” Sensitivity analyses were also per-
formed to assess the robustness of pooled estimates based on
the observed risk of bias.

Results

Search results

The initial electronic database search identified 1252 records,
of which 990 were available for screening following

deduplication of 262 duplicate records. Of these, 929 reports
were excluded following title and abstract screening, leaving
61 articles for full-text review. Following full-text review, 24
further reports were eliminated due to study design (n=12),
incorrect study outcomes (n=4), inappropriate timelines (n=
4) and the use of simulated data (n=4). Authors of eight
reports which did not report the necessary count data were con-
tacted to retrieve the data; however only two responded, result-
ing in further elimination of six reports. Four reports were
identified through manual searches of medRxiv and bioRxiv
of which two were excluded due to incorrect study outcomes
and inappropriate timelines. Therefore, 33 reports consisting
of 31 studies formed the basis of this review.'®?° A
PRISMA flow diagram outlining the screening process is pre-
sented in Figure 1. The list of excluded studies with reasons of
exclusion is reported in Supplementary Table S2.

Description of included studies

Table 1 provides an overview of the characteristics of the
included studies. From the 31 studies, 7 analysed data from
national registries while the rest reported at an institutional
level. Eighteen different countries were represented with the
United States being the most studied country (n =38), followed
by Italy (n=3), United Kingdom (n=3), Austria (n=2) and
Taiwan (n=2). Based on the World Bank country classifica-
tion,”! Fourteen of the countries are classified as developed
nations and four as low-to-middle-income nations. Four
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v

i Reports excluded:
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Figure |. PRISMA flowchart.
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countries did not have a national screening program for breast
cancer of which two were non-developed nations (Brazil and
South Africa). Table 2 reports on the breast cancer screening
protocol for each country, whether screening was suspended
and the highest grade of COVID-19 lockdown implemented
during the pandemic. All countries reported some form of lock-
down during COVID-19 except for Chile, Hong Kong, South
Korea and Taiwan.'??*3!*® Interestingly, Denmark was the
only country under lockdown with normal operation of its
breast cancer screening program.*

Methodological quality appraisal and risk of bias

All studies used a retrospective cohort study design which is
considered Level III-2 evidence by the NHMRC evidence hier-
archy.> Seven studies were classified as low risk of bias and 24
as moderate risk of bias according to the NOS. Most studies
lost one or two points in the comparability domain for not
accounting for the effects of confounders in the studies (see

Table I. Characteristics of included studies (N=31).

Supplementary Table S3 for the full results). The risk of publi-
cation bias was also considered to be low given the visual sym-
metry in the funnel plots (see Supplementary Figures S1 and
S2) and the inclusion of preprints and abstracts from confer-
ence proceedings in this review.

Mammographic screening outcomes

Table 3 compares the number of mammograms performed
during the pandemic vs. the same time period before the pan-
demic. Reductions in screening mammography rates were
reported in all studies and ranged from 53.8% to 22.2%
among registry-based studies®**>** and 80.0% to 9.8%
among  non-registry-based studies,'®?423-31:34.36.39.41.43.49
Figure 2 displays the results of the meta-analysis of mammo-
graphic screening rate ratios. Overall, we noted that mammo-
gram rates declined between 2019 and 2020 by 41% (RR:
0.59, 95% CI: 0.46-0.75) and 53% (RR: 0.47, 95% CIL
0.38-0.58) according to data derived from 3 registry-based

Reporting period (2019 & Outcomes

First author (year) Study location Sample size Data source 2020) examined Risk of bias
Amram, 2021 '8 USA 83,200 Multi-institutional Apr-Dec Screening Low
Barriga, 2021 19 Chile 156 Single-institution  Apr-Jul Diagnosis Moderate
Bessa, 2021%° Brazil 2,848,181  Registry Jan-Dec Screening Moderate
Borsky, 20212 UK 238 Single-institution ~ Aug-Oct Diagnosis Moderate
Chang, 20217 USA 1069 Multi-institutional Mar-May Diagnosis Moderate
Chou, 2021 Taiwan 243 Single-institution  Jan-Jul Diagnosis Low

de Degani, 2021% Argentina 12,016 Multi-institutional Mar-Sep Screening Moderate
DeGroff, 202177 USA 75,610 Multi-institutional ~ Apr-Jun* Screening Moderate
Eijkelboom, 20212 Netherlands 9430 Registry Week 9-35 Diagnosis Low
Ferrara, 2021%° Italy 1003 Multi-institutional Week | [-20%* Diagnosis Moderate
Hamilton, 20213° UK 1444 Multi-institutional Mar-Sep Diagnosis Moderate
Kaltofen, 20217 Germany 320 Single-institution  Jan-Jun Diagnosis Moderate
Kang, 202132 South Korea 35,943 Multi-institutional ~ Feb-Jul Both Moderate
Kempf, 202133 France 1145 Single-institution ~ Mar-Sep Diagnosis Moderate
Knoll, 202134 Austria 475 Single-institution ~ Mar-Dec Diagnosis Low
Lloyd, 20213 USA 11,011 Single-institution  Jan-Dec*#* Both Moderate
Mantellini, 2020'° Italy 1,283,703  Registry Jan-May Screening Moderate
Miller, 20213¢ USA 29,180 Single-institution ~ Mar-Oct Screening Low
Morais, 202137 Portugal 597 Single-institution ~ Mar-Jul Diagnosis Moderate
O’Brien, 202138 UK 396 Single-institution  Feb-Jul Diagnosis Moderate
Sacoto, 20213 Spain 21,775 Single-institution  Jan-Dec Both Moderate
Skovlund, 20214 Denmark 823 Registry Feb-May* Diagnosis Moderate
Sprague, 2021*' USA 316,494 Multi-institutional  Jan-Jul Screening Moderate
Tonneson, 20214? USA 571 Single-institution ~ Mar-Aug Diagnosis Moderate
Toss, 2021% Italy 25,389 Single-institution  May-Jul Both Moderate
Tsai, 2020* Taiwan 704,834 Registry Jan-Apr Screening Low
Tsibulak, 2020%%4¢ Austria 552 Multi-institutional Mar-May Diagnosis Moderate
van Wyk, 20214 South Africa 386 Single-institution ~ Apr-Jun Diagnosis Moderate
Vardhanabhuti, Hong Kong 8092 Registry Jan-Dec Diagnosis Moderate

20214

Velazquez, 2021 USA 9047 Single-institution  Jan-Dec Screening Low
Vrdoljak, 2021%° Croatia 5723 Registry Jan-Dec Diagnosis Moderate

*Pre-COVID period included 2015-2019 [average].
**Pre-COVID period included 2018-2019 [average].
*#*Pre-COVID period included 2016-2019 [average].
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Table 2. List of countries covered and their associated breast cancer screening protocol, whether screening was suspended, and the highest

grade of COVID-19 lockdown reported.

Suspension of Highest grade of

Country Screening protocol screening program lockdown
Argentina Mammography biennially for women aged 50-69 years old Yes 3

Austria Mammography biennially for women aged 45-69 years old Yes 2

Brazil Mammography biennially for women aged 50-69 years old NA* 3

Chile Mammaography triennially for women aged 50-69 years old No No lockdown
Croatia Mammography biennially for women aged 50-69 years old Yes 2

Denmark Mammography biennially for women aged 50-69 years old No |

France Mammography biennially for women aged 50-74 years old Yes 2

Germany Mammography biennially for women aged 50-69 years old Yes 2

Hong Kong  Insufficient evidence for population-based mammography. Self-referral for women =~ NA* No lockdown

at increased risk

Italy Mammography biennially for women aged 50-69 years old Yes 2
Netherlands Mammography biennially for women aged 50-75 years old Yes 2

Portugal Mammography biennially for women aged 45-69 years old Yes 2

South Africa Mammography annually for women aged 40-54 years old, biennially for women ~ NA* 3

aged 55 years and older

South Korea Mammography biennially for women aged 40-69 years old No No lockdown
Spain Mammography biennially for women aged 50-69 years old Yes 2

Taiwan Mammography biennially for women aged 45-69 years old No No lockdown
UK Mammography triennially for women aged 50-69 years old Yes 2

USA Multiple guidelines; American Cancer Society proposed mammography annually ~ NA* 2

for women aged 50-54 years old, biennially for women aged 55-74 years old

*Not applicable as national screening programs are not available.

Grade of household lockdowns.*?

|- Recommended not to leave the house.

2- Required to stay at home with exceptions (daily exercise, grocery shopping).

3- Required to stay at home with minimal exceptions (e.g. allowed to leave once weekly, or only one person per household to leave at a time, etc.).

and 10 non-registry-based studies respectively. Considerable
statistical heterogeneity was observed among the registry-
based (I2 =100%) and non-registry-based studies (I2 =
100%); however this was difficult to interpret due to the high
precision (i.e. low standard error) of individual summary esti-
mates. Consequently, outliers and other clinical aspects of
included studies were examined and the authors were satisfied
that included studies were sufficiently clinically homogeneous.

Breast cancer diagnosis rates

Table 3 compares the number of new female breast cancer cases
detected during the pandemic versus the same time period
before the pandemic. Reductions in the diagnosis rate of
breast cancer were observed in all but one study, by
Vardhanabhuti et al.,*® with reported rates ranging from
36.0% reduction to a 0.5% increase among registry-based
studies??7494830 and  64.7% to 3.0% reduction in
non-registry-based studies, 19-21-2328-34.37-39.42,43.45-47
Figure 3 displays the results of the meta-analysis of the diagno-
sis rate ratios. Similar to the changes in mammogram screening
rates, we noted an estimated 18% (RR: 0.82, 95% CI: 0.63—
1.06) and 29% (RR: 0.71, 95% CI: 0.63-0.80) reduction in
diagnosis rates between 2019 and 2020 based on data derived
from 4 registry-based and 18 non-registry-based studies respect-
ively. Again, despite considerable statistical heterogeneity
among the registry-based (I’=99%) and non-registry-based

studies (I?=92%) the results of the individual studies were
pooled for the same reason outlined previously.

Subgroup and sensitivity analyses

We did not observe any differences in mammogram screening
rates depending on patient age or ethnicity (see Supplementary
Figures S3 and S4); however, we note that countries that imple-
mented lockdown measures were associated with a significantly
higher reduction in mammogram screening rates between 2019
and 2020 (RR: 047 vs. 0.67, Chi*=4.54, p=0.03) (see
Supplementary Figure S5). Similarly, greater reduction in
breast cancer diagnosis rates between 2019 and 2020 were
observed among countries that implemented lockdown measures
in comparison to those that did not (RR: 0.70 vs. 0.89, Chi’=
6.08, p=0.01) (see Supplementary Figure S6). We also noted
greater reductions in the number of early-stage breast cancers
diagnosed compared to late-stage cancers between 2019 and
2020 (RR: 0.8 vs. 079, Chi’=585 p=0.02) (see
Supplementary Figure S7). Performing meta-analysis after
excluding the moderate to high risk of bias studies did not
result in any clinically significant changes to pooled estimates.

Discussion

The aim of this rapid review was to estimate the impact of the
COVID-19 pandemic on both breast cancer screening and



214

Journal of Medical Screening 29(4)

diagnosis rates. Our results suggest that almost half of the
women eligible for breast cancer screening did not get their
mammograms during the pandemic in comparison to 2019.
This finding can likely be largely attributed to the suspension
of most breast cancer screening activities in areas with high
COVID-19 cases'®2%?* as a result of the inability to maintain
‘safe distancing’ during breast imaging studies, given the
short distance between the radiographer’s face and the face
of the patient, a distance that can be as little as 20-30 cm
during the radiographic procedure.>*>> In addition to the sus-
pension of screening programs, we also note that the use of
lockdown measures likely also significantly impacted screen-
ing and diagnosis rates.

However, the effects of the pandemic also appear to extend
beyond countries with a high COVID-19 incidence.?**>** For
example, modest declines in mammographic screening rates
were also observed in low COVID-19 incidence countries

like Taiwan despite the usual operation of breast cancer screen-
ing acitvities.** Studies that examined factors influencing
mammography attendance rates under these circumstances
highlighted that fear of using public transport and of visiting
hospitals was associated with reduction in the number of out-
patient visits in breast centres.”®>’

Reduced uptake of mammographic screening, which can
detect breast cancer in asymptomatic women, also likely
largely explains the observed reductions in diagnosis rates.
However, interestingly, our findings suggest that diagnosis
rates did not fall as much as the screening rates, which is
likely due to the preservation of breast services for symptom-
atic patients compared to the breast screening units, as evi-
denced by the stable flow of patients presenting with
symptomatic breast cancer during the pandemic.’® This
finding is also consistent with the results of our subgroup ana-
lysis, which suggested smaller declines in diagnosis rates for

Table 3. Number of screening mammograms performed and/or new female breast cancer cases detected before and during the COVID-19

pandemic.

Number of screening mammograms

Number of new breast cancer cases

Follow-up period

Change from Change from

First author (year) Data source (months) Pre-COVID COVID baseline (%) Pre-COVID COVID baseline (%)
Bessa, 202172 Registry 12 1,810,901 1,037,280 —42.7% NA NA NA
Eijkelboom, Registry 7 NA NA NA 5749 3681  —36.0%
2021%28

Mantellini, 2020'®  Registry 5 878,046 405,657  —53.8% NA NA NA
Skovlund, 2021*°  Registry 4 NA NA NA 484 339 -30.0%
Tsai, 2020* Registry 4 396,371 308,463  —22.2% NA NA NA
Vardhanabhuti, Registry 12 NA NA NA 4035 4057 0.5%
20214

Vrdoljak, 2021%°  Registry 12 NA NA NA 2875 2848  —0.9%
Amram, 2021%° Non-registry 9 55,678 27,522 -50.6% NA NA NA
Barriga, 20212 Non-registry 4 NA NA NA 86 70 —18.6%
Borsky, 20212 Non-registry 3 NA NA NA 136 102 —25.0%
Chang, 2021%* Non-registry 2 NA NA NA 790 279 —64.7%
Chou, 20217 Non-registry 7 NA NA NA 128 15 —-10.2%
de Degani, 2021%*  Non-registry 7 9918 2098 —78.8% NA NA NA
DeGroff, 20217 Non-registry 3 55,856 19,754  —64.6% NA NA NA
Ferrara, 2021%° Non-registry 2.5 NA NA NA 620 383 —-38.2%
Hamilton, 2021°°  Non-registry 7 NA NA NA 769 642 —16.5%
Kaltofen, 2021°' Non-registry 6 NA NA NA 170 150 —11.8%
Kang, 202132 Non-registry 6 20,923 11,982  —42.7% 1669 1369  —18.0%
Kempf, 202133 Non-registry 7 NA NA NA 1482 1259 —15.0%
Knoll, 20213* Non-registry 10 NA NA NA 263 212 —19.4%
Lloyd, 20213° Non-registry 4 8566 1713 —80.0% 399 333 —16.6%
Miller, 202136 Non-registry 8 15,339 13,841 -9.8% NA NA NA
Morais, 202137 Non-registry 5 NA NA NA 370 227 -38.6%
O'Brien, 20213 Non-registry 6 NA NA NA 201 195 —-3.0%
Sacoto, 2021%° Non-registry 12 13,041 8239 —36.8% 285 210 -26.3%
Sprague, 2021*'  Non-registry 7 190,454 126,040  —33.8% NA NA NA
Tonneson, 2021**  Non-registry 5 NA NA NA 390 181 —53.6%
Toss, 20214 Non-registry 3 15,942 9052 —43.2% 221 174 -21.3%
Tsibulak, 2020**  Non-registry 3 NA NA NA 351 201 —42.7%
van Wyk, 20214 Non-registry 3 NA NA NA 247 139 —-43.7%
Velazquez, 2021*°  Non-registry 12 5662 3385 —40.2% NA NA NA

NA - Not available.
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Rate Ratio Rate Ratio
Study or Subgroup  log[Rate Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 Registry-based study
Bessa 2021 -0.55722 0.001231 33.3% 0.57 [0.57, 0.57] L
Mantellini 2020 -0.77219 0.001898 33.3% 0.46 [0.46, 0.46] L]
Tsai 2020 -0.25075 0.002401 33.3% 0.78[0.77, 0.78] L
Subtotal (95% Cl) 100.0% 0.59 [0.46, 0.75] -

Heterogeneity: Tau? = 0.05; Chi? = 29082.61, df = 2 (P < 0.00001); I* = 100%
Test for overall effect: Z = 4.22 (P < 0.0001)

1.1.2 Non-registry based study

Amram 2021 -0.7046 0.007369 10.0% 0.49[0.49, 0.50] .

de Degani 2021 -1.55337 0.024031  10.0% 0.21[0.20, 0.22] -

DeGroff 2021 -1.03942 0.008278 10.0% 0.35 [0.35, 0.36] .

Kang 2021 -0.55744 0.011457 10.0% 0.57 [0.56, 0.59] .
Lloyd 2021 -1.60955 0.026467 10.0% 0.20[0.19, 0.21] -

Miller 2021 -0.10276 0.011724 10.0% 0.90[0.88, 0.92] .
Sacoto 2021 -0.45922 0.014073  10.0% 0.63[0.61, 0.65] .
Sprague 2021 -0.41281 0.003631 10.0% 0.66 [0.66, 0.67] .
Toss 2021 -0.56597 0.013161  10.0% 0.57 [0.55, 0.58] .
Velazquez 2021 -0.51442 0.021726  10.0% 0.60[0.57, 0.62] o
Subtotal (95% Cl) 100.0% 0.47 [0.38, 0.58] <o

Heterogeneity: Tau? = 0.11; Chi? = 10205.96, df = 9 (P < 0.00001); I* = 100%
Test for overall effect: Z=7.18 (P < 0.00001)

01 02 05 1 2 5 10
Decreased screening rate  Increased screening rate

Figure 2. Forest plot for combined effects of mammographic screening rate.

Rate Ratio Rate Ratio
Study or Subgroup  log[Rate Ratio] SE Weight 1V, Random, 95% CI IV, Random, 95% CI
3.1.1 Registry-based study
Eijkelboom 2021 -0.44584 0.021109 25.4% 0.64 [0.61, 0.67] L)
Skovlund 2021 -0.35608 0.070824 23.8% 0.70[0.61, 0.80] -
Vardhanabhuti 2021 0.005437 0.022233 25.4% 1.01[0.96, 1.05] "
Vrdoljak 2021 -0.00944 0.026438 25.3% 0.99 [0.94, 1.04] s
Subtotal (95% CI) 100.0% 0.82[0.63, 1.06] -

Heterogeneity: Tau? = 0.07; Chi? = 275.94, df = 3 (P < 0.00001); I = 99%
Test for overall effect: Z=1.51 (P =0.13)

3.1.2 Non-registry-based study

Barriga 2021 -0.20585 0.160977  4.4% 0.81[0.59, 1.12] —
Borsky 2021 -0.28768 0.130984  4.9% 0.75[0.58, 0.97] —
Chang 2021 -1.04082 0.069642  5.9% 0.35[0.31, 0.40] -

Chou 2021 -0.1071 0.128484  5.0% 0.90[0.70, 1.16] —
Ferrara 2021 -0.48168 0.064991 5.9% 0.62[0.54, 0.70] -
Hamilton 2021 -0.1805 0.05346  6.1% 0.83[0.75, 0.93] -
Kaltofen 2021 -0.12516 0.112022  5.3% 0.881[0.71, 1.10] —r
Kang 2021 -0.19814 0.036464  6.2% 0.821[0.76, 0.88] -
Kempf 2021 -0.16307 0.038328  6.2% 0.85[0.79, 0.92] -
Knoll 2021 021557  0.0923  5.6% 0.81[0.67, 0.97] —
Lioyd 2021 -0.18082 0.074224  5.8% 0.83[0.72, 0.97] e
Morais 2021 -0.48855 0.084309  5.7% 0.61[0.52, 0.72] —
O'Brien 2021 -0.03031 0.100515  5.4% 0.97[0.80, 1.18] =
Sacoto 2021 -0.30538 0.090943  5.6% 0.74 [0.62, 0.88] —
Tonneson 2021 -0.76765 0.089939  5.6% 0.46 [0.39, 0.55] —

Toss 2021 -0.23911 0.101351  5.4% 0.79 [0.65, 0.96] —
Tsibulak 2020 -0.55748 0.088454  5.6% 0.57 [0.48, 0.68] —
vanWyk 2021 -0.57491 0.106032  5.4% 0.56 [0.46, 0.69] —
Subtotal (95% Cl) 100.0% 0.71 [0.63, 0.80] <

Heterogeneity: Tau? = 0.06; Chi2 = 209.49, df = 17 (P < 0.00001); I> = 92%
Test for overall effect: Z = 5.56 (P < 0.00001)
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Figure 3. Forest plot for combined effects of breast cancer diagnosis rate.
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late-stage cancers than for early-stage cancers, as well as math-
ematical modelling from Yong et al. and Sharpless.”®
However, any reductions in the number of new cases of
breast cancer diagnosed, particularly the modest decline in
the number of early-stage cases detected, is a cause for concern.

While, to the authors’ knowledge, this is the first systematic
review to present pooled estimates on the impact of the pandemic
on breast cancer screening and diagnosis rates, we note some lim-
itations of the study. First, the quality of evidence from this review
was limited by the design of the studies included. As each of the
retrospective studies was unblinded, the inherent risk of biases in
evaluating and reporting the outcomes was difficult to avoid.
Nevertheless, the risk of selection bias across studies in this
review was considered low given that the outcome measures
were highly objective. Second, most of the studies were
non-registry-based studies and did not include a method to avoid
double counting of patients in the clinical databases. Hence, we
analysed the seven registry-based studies separately from the
non-registry-based studies. Third, restricting the pre-COVID-19
period to before 1% January 2020 also meant the exclusion of
three studies with a one-year long assessment period.®' %
Lastly, the validity of rate measures in this review was limited
by the assumption of stability of population between the pre-
pandemic and pandemic periods. The effects of the COVID-19
pandemic on life expectancy are built upon different assumptions
about the age-specific mortality rates and COVID-19 prevalence
rates which differ widely across different countries; therefore, it
is complex and not straightforward to predict the trends in demo-
graphic stability during the COVID-19 pandemic.**%

Recommendations

Implications for practice

The postponement of breast cancer screening throughout the pan-
demic to preserve healthcare resources and protect patients from
COVID-19 infection is not feasible and will likely delay the diag-
nosis and treatment of breast cancer. Accessibility is one of the
important factors that promotes screening participation.®®
Decentralisation of national breast cancer screening programs
into multiple community-based programs is encouraged to over-
come transportation barriers during the pandemic. In fact, the
community breast cancer screening program was proven safe
and reliable during the pandemic in Taiwan.** In the long run,
patient hesitancy to leave their home has to be surmounted
along with the gradual reopening of breast screening centres. A
Polish survey found that the availability of transparent medical
information is effective in restoring patient confidence in health-
care services during the pandemic.®” Thus, future subjects invited
for breast cancer screening should be, at minimum, informed
about safety precautions practiced by the facilities, i.e. mandatory
masking and temperature screening, and, if possible, supplied
with the latest information about COVID-19 in a timely manner.

Implications for research

Future investigations into breast cancer mortality after the pan-
demic are of significant interest. This review also highlights the

ongoing need for the development of innovative, cost-effective,
less invasive and independent ways of detecting breast cancer.
We also strongly recommend that future studies investigating
the impact of the pandemic on breast cancer outcomes, where
possible, use longitudinal designs to assess the long-term out-
comes, and follow best practice reporting guidelines to
ensure key outcomes of interest are clearly reported.

Conclusion

This systematic review has demonstrated that breast cancer
screening has been severely affected by the COVID-19 pan-
demic as evidenced by the reduced rates of screening mam-
mography and breast cancer diagnosis in 30 out of 31
studies. The difference in magnitude of reduction in breast
cancer screening and diagnosis between studies reflects the
variation in the reactions of different countries and health insti-
tutions to COVID-19. While the postponement of breast cancer
screening programs and services during the COVID-19 pan-
demic was necessary and reasonable at one time, given that
the future trajectory of COVID-19 is difficult to predict,
delays in the resumption of screening programs may create
another public health crisis in the near future. These findings
support the immediate restoration of breast cancer screening
as well as our patients’ confidence in the healthcare system
amid the pandemic-stricken era.
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