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IMPORTANCE Public health services, including cancer screening tests, have been affected by
the onset of the COVID-19 epidemic.

OBJECTIVE To investigate the pandemic’s association with cancer screening worldwide.

DATA SOURCES In this systematic review and meta-analysis, databases such as PubMed,
ProQuest, and Scopus were searched comprehensively for articles published between
January 1, 2020, and December 12, 2021.

STUDY SELECTION Observational studies and articles that reported data from cancer registries
that compared the number of screening tests performed before and during the pandemic for
breast, cervical, and colorectal cancer were included.

DATA EXTRACTION AND SYNTHESIS Two pairs of independent reviewers extracted data from
the selected studies. The weighted average of the percentage variation was calculated
between the 2 periods to assess the change in the number of cancer screening tests
performed during the pandemic. Stratified analysis was performed by geographic area,
period, and type of setting. The systematic review and meta-analysis was conducted
following the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA)
reporting guideline.

MAIN OUTCOMES AND MEASURES The main outcome was the weighted average percentage
variation in the number of screening tests performed between January and October 2020
compared with the previous period.

RESULTS The review comprised 39 publications. There was an overall decrease of −46.7%
(95% CI, −55.5% to −37.8%) for breast cancer screening, −44.9% (95% CI, −53.8% to −36.1%)
for colorectal cancer screening, and −51.8% (95% CI, −64.7% to −38.9%) for cervical cancer
screening during the pandemic. For all 3 cancers, a U-shaped temporal trend was identified;
for colorectal cancer, a significant decrease was still apparent after May 2020 (in June to
October, the decrease was −23.4% [95% CI, −44.4% to −2.4%]). Differences by geographic
area and screening setting were also identified.

CONCLUSIONS AND RELEVANCE A summary estimate of the downscaling of cancer screening
tests since the onset of the COVID-19 pandemic is provided in this systematic review and
meta-analysis. This could be associated with an increase in the number of avoidable cancer
deaths. Effective interventions are required to restore the capacity of screening services to
the prepandemic level.
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I n 2020, according to GLOBOCAN estimates, 19.3 million
new cancer cases and approximately 10 million cancer
deaths occurred owing to breast, colorectal, and cervical

cancer, which are the first, third, and seventh most prevalent
cancers worldwide, respectively.1 Screening programs help to
detect cancer at early stages or precursor lesions, leading to
decreased mortality.

In the past few years, especially in low- to medium-
income countries,2 cancer screening and prevention proto-
cols have had a remarkable impact on public health. How-
ever, major events, such as natural disasters and epidemics,
can negatively affect screening rates and access to health
care infrastructures and facilities,3 increasing the burden of
cancer mortality.

At the beginning of the COVID-19 pandemic, a suspen-
sion of many nonurgent medical services was imposed all over
the world. Affected services concerned, for example, family
planning and abortion4; HIV prevention, testing, and care5;
cancer prevention; specialistic treatments such as delays or de-
ferrals in oncologic surgery, systemic therapy, and radio-
therapy; and visits for oncologic patients.6

Consequently, cancer screening programs have been tem-
porarily interrupted in most countries. Although these mea-
sures may have led to a reduction in COVID-19 transmission,7

their association with public health must still be determined.8

Because the lockdown restrictions have been heteroge-
neous in their beginning date and duration, we performed a
systematic review of studies that analyzed the variation in the
total number of examinations for breast, cervical, and colo-
rectal cancer screening performed since the beginning of the
epidemic in comparison with the prepandemic period. Our aim
was to quantify the global variation of cancer screening pro-
cedures during the lockdown period.

Methods
Search Strategy and Selection Criteria
We conducted our systematic review and meta-analysis ac-
cording to the Preferred Reporting Items for Systematic Re-
views and Meta-analyses (PRISMA) reporting guideline.9 We
developed the study question by following the patients or the
PICO (population, intervention, comparison, and outcome) and
study design framework.

This study is part of a larger project aimed at assessing the
global effect of the COVID-19 pandemic on patients with can-
cer, including not only cancer screening but also cancer diag-
nosis, diagnostic tests for cancer, therapies for oncologic pa-
tients, and first visits and follow-up visits for oncology patients.
The search string was unique for all these outcomes. We
launched the search string on PubMed, ProQuest, and Scopus,
without language restriction, for articles published between
January 1, 2020, and December 12, 2021. The search string was
made using Boolean operators (AND, OR) and Medical Sub-
ject Headings terms and their builder options, if relevant, to
improve the search results. Searches were performed with the
following terms: neoplasms, diagnosis, drug therapy, radio-
therapy, surgery, therapy, diagnosis, epidemiology, prevention

and control, early detection of cancer, COVID-19, and organi-
zation and administration.

We included observational studies and articles that re-
ported data from cancer registries. We chose articles includ-
ing a comparison between the periods before and after the be-
ginning of the COVID-19 pandemic, with results indicated as
number of screening tests performed, percentage variation be-
tween the 2 periods, or rate of screening. Studies were ex-
cluded if data on at least 1 of these comparisons were not avail-
able. We included only studies in which the 2 compared periods
were explicitly stated. If the comparison was made between
2 or more pre–COVID-19 periods, we selected the closest pe-
riod as a reference (eg, we considered 2019 if data for both 2019
and 2018 were available).

Data Collection and Quality Assessment
Our database search and study selection process are outlined
in the flow diagram (Figure 1). We found a total of 3630 total
articles: 998 articles on PubMed, 1471 on ProQuest, and 1161
on Scopus. We collected initial references in citation files, re-
moved duplicates (1007 articles), and began our screening pro-
cess of the remaining 2623 articles. We initially excluded ar-
ticles in languages other than English, French, Spanish, or
Italian, and also reviews, meta-analyses, or case reports (245
articles). After this process, studies were first reviewed by title
and then by abstract. Finally, we examined the full text of each
article against eligibility criteria, and we collected 140 stud-
ies for all the outcomes of the research project (screening, di-
agnosis, diagnostic tests, visits, and therapies). Results on can-
cer screening were reported in 39 articles. We decided to
analyze the types of cancer screening recommended for the
general population by the US Preventive Services Task
Force.10-12 We excluded screening types performed for high-
risk individuals (eg, lung cancer screening13) and those with
lower-grade recommendation (eg, prostate cancer screening14).
The title and abstract of the articles were independently re-
viewed by 2 pairs of reviewers (F.T. and G.C.; M.A. and L.A.)
for inclusion in the first screening phase, followed by the full-
text screening phase against eligibility criteria. Disagree-
ments among reviewers in the initial abstract screening phase

Key Points
Question Is the COVID-19 pandemic associated with a decrease
in the number of cancer screening tests globally?

Findings In this systematic review and meta-analysis of 39
publications, the screening types analyzed were associated with a
significant overall decrease (−46.7%, −44.9%, and −51.8% for
breast, colorectal, and cervical cancer screening, respectively)
from January to October 2020. This decrease showed a U-shaped
trend with a negative peak in April 2020 (−74.3% for
mammography and −69.3% for colonoscopy and fecal occult
blood test or fecal immunochemical test) and in March 2020 for
Papanicolaou test or human papillomavirus test (−78.8%).

Meaning COVID-19 pandemic measures were associated with
widely reduced cancer screening services, which was possibly
associated with delayed cancer diagnosis and increased cancer
mortality.

Research Original Investigation Global Association of COVID-19 Pandemic Measures With Cancer Screening

1288 JAMA Oncology September 2022 Volume 8, Number 9 (Reprinted) jamaoncology.com

© 2022 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 09/23/2023

https://www.equator-network.org/reporting-guidelines/prisma/
http://www.jamaoncology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2022.2617


and full-text review were resolved through discussion with a
fifth reviewer (P.B.).

Two pairs of reviewers (F.T. and G.C.; M.A. and L.A.) pe-
rused the prepared checklist to extract from each article the
following information: name of the first author, year of pub-
lication, country and type of setting (hospitals and private cen-
ters were considered clinic based; local and national cancer reg-
istries were considered population based), site of cancer, type
of screening analyzed (mammography, research of blood in the
stool with the fecal occult blood test or fecal immunochemi-
cal test, colonoscopy, Papanicolaou test, or human papillo-
mavirus test), and absolute number or rate of screening tests
performed in the analyzed period or percentage variation be-
tween intervals before and after the beginning of the pan-
demic. In particular, for colorectal cancer screening, we ana-
lyzed data from both types of screening (fecal occult blood test
or fecal immunochemical test and colonoscopy) separately
and together.

We performed an assessment of the quality and risk of bias
of all the studies included, using 9 of the 10 items of the Criti-
cal Appraisal Skills Programme for qualitative research,15 for
a maximum score of 10 points. Studies obtaining less than 7
points were considered inadequate and excluded (no article
was excluded because of a low-quality score). eTables 1 through
3 in the Supplement list the articles included in the present
analysis and their major characteristics and quality assess-
ment.

Statistical Analyses
For each type of screening, we calculated the weighted aver-
age of the percentage variation between screening tests per-
formed before and after the beginning of the COVID-19 pan-
demic. The weight was calculated with the natural logarithm
of the number of daily events in the prepandemic period
(ie, daily_screen_precovid obtained by dividing the number of
screening tests in the prepandemic period by its duration in
days: weight = ln [daily_screen_precovid]). We used the loga-
rithm because of the great variability in the number of tests
between studies. We used the absolute value to avoid nega-
tive weights.

Some studies did not provide the absolute number of
screening tests performed in the prepandemic period, but only
the measure of variation between the period being examined
and the reference period. For these studies, to calculate the
weight, we imputed a value of daily_screen_precovid as the
mean value of this variable in the studies having the same type
of setting and cancer screening.

We divided the pandemic period into 5 intervals (all
referring to 2020) based on the beginning date of the
COVID-19 period being examined in each article as follows:
period 1 from January 1 to February 29; period 2 from March
1 to March 31; period 3 from April 1 to April 30; period 4 from
May 1 to May 31; and period 5 from June 1 to October 31.
This partition of the 5 periods was based on temporal distri-
bution of the available observations along the pandemic
period and on the trend of COVID-19 spread and pandemic
measures in most countries.16 We did not include studies in
which the pandemic period started before January 2020.

We did not find studies in which the pandemic period of
observation started after October 2020. Studies could con-
tribute to more than 1 period, but not more than once in
each period. Then we calculated weighted averages for each
interval. Because each period analyzed was determined only
by the starting date of the observation, for some studies it
could include an interval longer than the predefined periods
(eg, an observation that considered January 1 as the starting
date and May 31 as the end date was included in the first
period).

An additional analysis was performed for specific geo-
graphic areas and for type of setting. We finally fitted ordi-
nary least-squares linear model using Newton-Raphson (maxi-
mum likelihood) optimization with percentage change as
dependent variables and terms for type of structure,
geographic area, and period as independent variables. In the
linear regression model, 2-sided P values were used, with
P < .05 considered statistically significant.

Because a percentage reduction could not be lower than
−100%, we limited the values of the 95% CIs to −100.0% in case
they exceeded it. We considered the funnel plot and per-
formed the Egger regression asymmetry test to assess publi-
cation bias.17

No ethics committee approval and no patient consent were
necessary because the study was restricted to publicly avail-
able data. For all statistical analyses, we used Stata, version 16.1
(StataCorp). P values of differences of means are based on the
t test, those of differences of proportions are based on z scores,
and P tests of multivariate analyses are those derived from
the regression generalized linear models for the respective
variables.

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-analyses) Flow Diagram of Information Through the Various
Phases of the Systematic Review

21 Breast cancer screening
22 Colorectal cancer screening
11 Cervical cancer screening

1582 Records excluded for title and abstract

245 Records excluded for incompatibility
for language and type of article

1007 Records removed as duplicate

3630 Records identified through
database searching
998 From PubMed

1161 From Scopus
1471 From ProQuest

2623 Records after duplicates removed

2378 Records screened

796 Full-text articles assessed
for eligibility

140 Studies collected for all
outcomes of research project
39 Studies regarding cancer

screening

656 Reports excluded
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Results

Data on race and ethnicity, as well as demographic informa-
tion for the study population, were not available. eTable 4 in
the Supplement shows the weighted average variation of
screening tests performed by cancer type, and Figure 2 shows
the corresponding temporal trend.

Breast Cancer
The average variation of breast cancer screening from Janu-
ary to October 2020 was −46.7% (95% CI, −55.5% to −37.8%)
compared with the pre–COVID-19 period. The maximum de-
crease in breast cancer screening occurred in April 2020
(−74.3% [95% CI, −91.8% to −56.7%]), whereas after June there
was no significant reduction (−13.0% [95% CI, −33.0% to 7.1%]).
The weighted average of the screening variation was −62.0%
(95% CI, −75.1% to −49.0%) for clinic-based settings and −41.6%
(95% CI, −53.2% to −30.0%) for population-based ones. The
difference between the 2 types of structures was confirmed to
be statistically significant in the linear regression analysis
(adjusted difference, 18.9%; 95% CI, 2.0% to 35.9%; P = .03)
(Table 1).

We divided the geographic areas for breast cancer screen-
ing according to the distribution of the countries analyzed in
each study: North America (United States and Canada), South
America (Brazil, Mexico, Peru, and Uruguay), and Europe (Italy,
France, and Turkey). In North America, the number of breast
cancer screening tests decreased by −44.6% (95% CI, −57.4%
to −31.8%) during the COVID-19 period. In this geographic area,
the decrease was −19.4% (95% CI, −55.1% to 16.2%) in Janu-
ary and February, −49.9% (95% CI, −66.5% to −33.2%) in March,
−86.7% (95% CI, −100.0% to −73.5%) in April, −37.8% (95% CI,
−62.3% to −13.4%) in May, and 0.8% (95% CI, −14.1% to 15.7%)
from June to October 2020. Europe presented an average varia-
tion of −67.7% (95% CI, −100.0% to −9.3%), and South America
presented an average variation of −51.1% (95% CI, −67.5% to

−34.7%). As shown in Table 1, the decrease during April was
significant (−53.8%; 95% CI, −75.4% to −32.2%; P < .001), using
January and February as the reference; studies from Europe
also reported a larger decrease compared with those from North
America (−35.6%; 95% CI, −65.9% to −5.3%; P = .02).

Colorectal Cancer
The overall decrease in the number of colorectal cancer screen-
ing examinations performed throughout the period from Janu-
ary to October 2020 compared with the pre–COVID-19 period
was equal to −44.9% (95% CI, −53.8% to −36.1%). In particu-
lar, the decrease for colonoscopy was −52.5% (95% CI, −66.3%
to −38.8%), and the decrease for fecal occult blood test or fe-
cal immunochemical test was −37.8% (95% CI, −49.9% to
−25.8%). The weighted average variation was −51.5% (95% CI,
−69.5% to −33.6%) in clinic-based settings and −43.7%
(95% CI, −54.9% to −32.6%) in population-based ones.

Compared with the prepandemic period, the global evo-
lution by period showed the greatest decrease in April 2020
(−69.3% [95% CI, −100.0% to −36.9%]) and only a partial re-
covery during the last months of the analysis (−23.4% [95% CI,
−44.4% to −2.4%]) from June to October (eTable 4 in the
Supplement).

We analyzed the 3 main geographic areas, including
North America (United States and Canada), Asia (India,
China, Japan, Taiwan, South Korea, and Singapore), and
Europe (Italy, France, and the United Kingdom). The
weighted average variation during the entire COVID-19
period was −45.1% (95% CI, −59.3% to −31.0%) for North
America, −34.6% (95% CI, −58.1% to −11.1%) for Asia, and
−52.4% (95% CI, −69.4% to −35.3%) for Europe. For North
America, the greatest decrease was in April (−83.0% [95% CI,
−100.0% to −55.8%]), whereas in Asia the most remarkable
decrease in screening rates was observed in January and
February (−36.2% [95% CI, −77.9% to −5.6%]). In linear
regression analysis, April had a greater decrease compared
with January and February (−38.3%; 95% CI, −63.6% to

Figure 2. Weighted Average Variation of Screening Tests Performed From January to October 2020
Compared With the Prepandemic Period, by Cancer Type and Period
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−12.9%; P = .003), whereas there was no statistically signifi-
cant difference between geographic areas (Table 2).

Cervical Cancer
For cervical cancer screening, the weighted average variation
was equal to −51.8% (95% CI, −64.7% to −38.9%). The maxi-
mum decrease observed among the 5 periods was in March
(−78.8% [95% CI, −99.3% to −58.3%]). In the linear regression
model (Table 3), a significant decrease was observed in March
compared with January and February (−38.9%; 95% CI, −75.2%
to −2.5%; P = .04). Clinic-based studies showed a greater re-
duction than the population-based ones: −51.7% (95% CI,
−77.3% to −26.1%) and −51.9% (95% CI, −67.8% to −35.9%), re-
spectively. In North America (United States and Canada), the
weighted average variation was −44.7% (95% CI, −73.8% to
−15.7%), whereas in South America (Brazil, Mexico, Peru,
Uruguay, and Puerto Rico), it was −62.4% (95% CI, −73.3%
to −51.5%).

Discussion
This study investigated the association of the COVID-19 pan-
demic measures with cancer screening by systematic review.
Against a global pattern showing an increasing trend for
colorectal cancer screening and a slight decrease for cervical
cancer screening and mammography from 2000 to 2015,18

our study found a marked association with a decrease in the
number of tests performed for the 3 cancer types (−46.7%,
−44.9%, and −51.8% for breast, colorectal, and cervical can-
cer screening, respectively) in all geographic areas consid-
ered during the early phase of the COVID-19 pandemic.
Beyond the decision to interrupt all cancer screening pro-
grams, the main factors that may have caused this reduction
were stay-at-home orders, people's fear of the infection,
avoidance of nonurgent medical treatment and care, limited
access to in-person medical examinations, and the reorgani-
zation of hospital departments.6 The greater decrease for the
Papanicolaou test or human papillomavirus test and colo-

noscopies may be attributable to more invasive techniques
used to diagnose these tumors compared with mammogra-
phy for breast cancer and fecal occult blood test or fecal
immunochemical test for colorectal cancer.

We identified a similar pattern by period for breast and
colorectal cancer screening, with a U-shaped trend having a
negative peak in April 2020 and an attenuation in May. This
trend was largely attributable to the lockdown measures in
numerous countries and territories worldwide. As illustrated
through the stringency index of the Oxford COVID-19 Gov-
ernment Response Tracker,16 in April 2020 most of the coun-
tries had implemented COVID-19 measures. All 3 types of
cancer screening showed the least reduction from June to
October.

A significant feature of the present study is the analysis
of different geographic areas; Europe presented a larger
decrease in mammograms compared with North America
(Table 1), which could be associated with the fact that in the
United States, they are mostly performed through private
health insurance,18 whereas in Europe, they are usually pro-
vided as part of the public health care system. Conversely,
the decrease was similar for colorectal cancer screening
between the 2 regions. The restrictions that occurred in
Europe could therefore have had a greater association with
the cancer screening procedures that imply an actual atten-
dance to the health care structure providing the service. Our
results indicated that invasive colorectal cancer screenings
(colonoscopies) had a larger decrease than noninvasive ones,
such as fecal occult blood test or fecal immunochemical test
(−52.5% vs 37.8%, respectively), which were more easily per-
formed as a colonoscopy alternative.19 Unlike the global
decrease in colorectal cancer screening, Asia presented the
most remarkable decrease in January and February; how-
ever, the variability of COVID-19 epidemiology and restric-
tive measures between Asian countries20,21 complicates the
interpretation of this matter.

The percentage variation for cervical and breast cancer
screening was greater in South America compared with North

Table 1. Adjusted Difference Based on Multivariate Linear
Analysis by Period, Geographic Area, and Study Setting
for Breast Cancer Screening

Characteristics Coefficient (95% CI)
Period (2020)

January and February 0 [Reference]

March −28.1 (−49.4 to −6.8)

April −53.8 (−75.4 to −32.2)

May −23.1 (−45.0 to −1.2)

June to October 9.7 (−14.1 to 33.9)

Geographic area

North America 0 [Reference]

South America −2.8 (−20.9 to 15.3)

Europe −35.6 (−65.9 to −5.3)

Study setting

Clinic based 0 [Reference]

Population based 18.9 (2.0 to 35.9)

Table 2. Adjusted Difference Based on Multivariate Linear
Analysis by Period, Geographic Area, and Study Setting
for Colorectal Cancer Screening

Characteristics Coefficient (95% CI)
Period (2020)

January and February 0 [Reference]

March −18.2 (−42.6 to 6.3)

April −38.3 (−63.6 to −12.9)

May −17.1 (−45.3 to 11.1)

June to October 13.5 (−13.3 to 40.2)

Geographic area

North America 0 [Reference]

Asia 12.2 (−13.9 to 38.4)

Europe −12.3 (−30.3 to 5.7)

Study setting

Clinic based 0 [Reference]

Population based 0.1 (−24.4 to 24.6)

Global Association of COVID-19 Pandemic Measures With Cancer Screening Original Investigation Research

jamaoncology.com (Reprinted) JAMA Oncology September 2022 Volume 8, Number 9 1291

© 2022 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 09/23/2023

http://www.jamaoncology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2022.2617


America (−62.4% vs −44.7% and −51.1% vs −44.6%, respec-
tively); however, we cannot assume that it will result in worse
consequences for Latin America owing to its weaker health care
system before the pandemic.22

An important aspect of our review was the consistency of
results across a wide spectrum of health care settings. The as-
sociation between the epidemic and cancer screening was
greater in studies based in hospitals or other clinic settings
than in population-based studies, especially for breast can-
cer screening (−62.0% vs −41.6%; P = .03), which could be
explained by clinic-based studies’ considering only the de-
crease in the number of patients who actually attended the
screening test vs population-based studies’ including also pa-
tients who did not participate in screening programs in the pre-
pandemic period. There was no evidence of publication bias
either qualitatively according to funnel plot asymmetry or
quantitatively with the Egger regression test.

The aim of identifying early neoplastic lesions in the case of
breast cancer and precursor lesions in the case of colorectal
and cervical cancer was to decrease the incidence of invasive
cancer.23 The most concerning potential effect of a decrease in
cancer screening is an increase in cancer mortality, as estimated

in the United States.24 The interruption of cancer screening could
delaydiagnosisoftumors,causingashifttomoreadvancedstages
atdiagnosis.Furthermore,thiscouldbeassociatedwithincreased
avoidable cancer deaths, aggravate the patients’ discomfort
and disease burden, and be associated with increased workload
for medical personnel and increased costs for the health care
system.8,25,26 In addition, a portion of the postponed screening
tests could be impossible to recover because during the suspen-
sion some patients exceeded the maximum age to be included
in screening programs.

Limitations
Our review has some limitations. First, considerable hetero-
geneity between countries was present in terms of screening
protocols,27 services’ accessibility and participation of the tar-
get population, lockdown measures, and incidence of COVID-19
and its temporal trend; all of these factors could not be con-
sidered in our statistical analysis. Second, the attribution of
an observation to 1 of the 5 periods was based only on its be-
ginning date, which might lead to nondifferential misclassi-
fication. Future studies on variations in screening numbers will
need to be performed to clarify long-term implications and
adopt adequate public health strategies. Third, in some stud-
ies we had to impute the number of daily events to calculate
the weight.

Conclusions
The results of our systematic review and meta-analysis sug-
gest that there is an association between the COVID-19 pan-
demic and a reduction in breast, colorectal, and cervical can-
cer screening, with a U-shaped temporal pattern. Although for
breast and cervical cancer screening, the data suggest a recov-
ery after May 2020, the decrease in colorectal cancer screen-
ing persisted until October 2020. This is expected to be asso-
ciated with an increase of avoidable advanced cancers and
cancer-related deaths. Further investigation regarding can-
cer diagnosis and cancer treatment during the COVID-19 pan-
demic is required.
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