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Abstract

Purpose We calculated rates of breast and prostate cancer screening and diagnostic procedures performed during the COVID-
19 pandemic through December 2021 compared to the same months in 2019 in a large healthcare provider group in central
Massachusetts.

Methods We included active patients of the provider group between January 2019 and December 2021 aged 30-85 years.
Monthly rates of screening mammography and digital breast tomosynthesis, breast MRI, total prostate specific antigen
(PSA), and breast or prostate biopsy per 1,000 people were compared by year overall, by age, and race/ethnicity. Completed
procedures were identified by relevant codes in electronic health record data.

Results Rates of screening mammography, tomosynthesis, and PSA testing reached the lowest levels in April-May 2020.
Breast cancer screening rates decreased 43% in March and 99% in April and May 2020, compared to 2019. Breast cancer
screening rates increased gradually beginning in June 2020 through 2021, although more slowly in Black and Hispanic women
and in women aged 75-85. PSA testing rates decreased 34% in March, 78% in April, and 53% in May 2020, but rebounded
to pre-pandemic levels by June 2020; trends were similar across groups defined by age and race/ethnicity.

Conclusion The observed decline in two common screening procedures during the COVID-19 pandemic reflects the impact
of the pandemic on cancer early detection and signals potential downstream effects on the prognosis of delayed cancer diag-
noses. The slower rate of return for breast cancer screening procedures in certain subgroups should be investigated to ensure
all women return for routine screenings.
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Coronavirus disease (COVID-19) caused by the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
has infected over 550 million people and has caused over
6.3 million deaths worldwide as of 5 July 2022. The
COVID-19 pandemic, which arose in late 2019, was
widespread in the United States by March 2020, and
led to stay-at-home orders, economic shutdowns, and a
declaration of a national emergency by mid-March. In
Massachusetts, a state of emergency was declared on
10 March 2020, and all non-essential businesses were
ordered closed on 24 March through mid-May. The first
peak in COVID-19 infections in Massachusetts was
reached in late April 2020, with the rate of infection
declining through late June. However, cases of COVID-
19 surged again in Massachusetts in late October 2020,
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with an exponential increase thereafter toward a peak in
early January 2021 [1]. Massachusetts experienced addi-
tional surges in COVID-19 in 2021, with peaks in late
March and mid-September preceding the Omicron vari-
ant, which peaked in Massachusetts on 8 January 2022
with a 7-day average of new, confirmed cases of 22,933.
Vaccines against COVID-19 were first available to pri-
oritized groups in Massachusetts in December 2020, fol-
lowed by most adults aged 55 and older between February
and April 2021, and all individuals over age 12 by April
2021. Booster vaccines were made available to adults
aged 18 and older in mid-November 2021.

In March and April 2020, hospitals and clinics closed
to in-person medical appointments and elective proce-
dures, which included cancer screening tests such as
mammograms, prostate specific antigen (PSA) tests,
lung cancer screening, colonoscopy and sigmoidoscopy.
Routine cancer screening tests often detect asymptomatic
cancers at an earlier stage than if the patient had waited
for symptoms to develop, resulting in reduced mortal-
ity. If the reduction in screening rates due to COVID-
19 endures for an extended period, an increased num-
ber of cancers could be diagnosed at a later stage and
may result in an excess number of cancer deaths [2-4].
We analyzed data from a large multispecialty provider
group to quantify trends in screening and diagnostic pro-
cedures for breast and prostate cancer during the first
22 months of the COVID-19 pandemic in central Mas-
sachusetts in comparison to the previous pre-pandemic
year. We selected two common cancers with differences
in the evidence base supporting regular screening recom-
mendations [5, 6] as well as different testing modalities
(X-ray mammography versus PSA blood test) to illustrate
the trends in screening practices over nearly two years of
the COVID-19 pandemic.

Materials and methods
Study population

Women and men aged 30-85 who were active patients of
Reliant Medical Group, a multispecialty provider group in
central Massachusetts, between January 2019 and Decem-
ber 2021 were eligible for inclusion in this study. Active
patients were defined as those who had at least one inter-
action with the provider group in the previous 18 months;
insurance coverage was not required. Individuals with a
prior diagnosis of prostate or breast cancer were identified
through International Classification of Diseases for Oncol-
ogy, Third Edition (ICD-0O-3) codes in tumor registry data
and excluded from the analysis.
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Data source

All data for this analysis were collected from the Virtual
Data Warehouse at Reliant, an electronic health records
(EHR)-based standardized database containing informa-
tion on patient demographics, encounters, procedures,
diagnoses, laboratory tests, and other clinical informa-
tion populated through the Epic Clarity system [7]. Com-
pleted cancer screening and diagnostic tests were identi-
fied through Current Procedural Terminology (CPT) and
Healthcare Common Procedure Coding System (HCPCS)
codes in EHR data (Supplementary Table 1). We excluded
tests that were ordered but not completed during the study
period. Monthly counts of COVID-19 cases diagnosed in
Massachusetts were extracted from publicly available raw
data from the COVID-19 Daily Dashboard published by
the Massachusetts Department of Public Health (available
from: https://www.mass.gov/info-details/covid-19-respo
nse-reporting#covid-19-daily-dashboard- First accessed
2 January 2021).

Analysis

For analyses of breast cancer screening and diagnostic
procedures, we identified monthly counts of screening
and diagnostic mammography and digital tomosynthe-
sis, total breast MRI, and diagnostic breast and lymph
node biopsy in women. We were unable to distinguish
between screening and diagnostic breast MRI procedures,
and thus analyzed all MRIs together. For prostate cancer,
we identified monthly counts of PSA tests, transurethral
resection of the prostate (TURP) and prostate biopsy in
men. Denominators were defined as the number of eligi-
ble, active patients receiving care at the provider group
as of 1 January of the given year. We calculated rates of
selected procedures per 1,000 eligible participants overall,
by age group and race/ethnicity (non-Hispanic White, non-
Hispanic Black, Hispanic, Asian, Other/Unknown). Age
categories were defined by current US Preventive Services
Task Force (USPSTF) and American Urological Associa-
tion screening guidelines (Breast cancer: 30-39, 40—49,
50-74, 75-85; Prostate cancer: 30-54, 55-69, 70-85) [5,
6, 8]. Monthly rates of each procedure were calculated and
compared between 2019, 2020, and 2021. Mammography
and tomosynthesis procedures performed on the same day
were counted once in the analysis.

We used an interrupted time series (ITS) study design
with ordinary least squares segmented linear regression
models to test changes in the trends (slopes and levels) of
overall mammography/tomosynthesis and PSA testing at
different stages of the pandemic. We defined three time
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periods: (1) January 2019 to February 2020 (pre-pan-
demic); (2) March 2020 to June 2020 (initial shutdown);
and (3) July 2020 to December 2021 (reopening). We used
Durbin’s alternative test to examine the presence of serial
autocorrelation among the monthly observations.

Descriptive analyses were conducted using SQL and
Microsoft Excel. Time series analyses were conducted using
Stata software version 16 (Stata Corporation, College Sta-
tion, TX). This project was approved by the Institutional
Review Board at the University of Massachusetts Chan
Medical School.

Results

There were 145,874 active patients in the provider group
as of January 2019, with 149,092 patients in January 2020,
and 149,793 patients in January 2021. The median age for
women in the study population was 52 years, and 53 years
for men. The study population was about 71% non-Hispanic
White (Table 1).

Breast cancer

During 2019, there were an average of 1,567 screening and
186 diagnostic mammography and tomosynthesis proce-
dures completed per month, with mean monthly rates of 19.4
screening and 2.3 diagnostic procedures per 1,000 women.
In 2020 overall, there was an average of 1,226 screening
tests completed per month, representing a 22% decrease in
volume, and a mean monthly rate of 14.8 screening proce-
dures per 1,000 women. In contrast, the volume of diag-
nostic procedures only declined by 10% in 2020, with a
mean monthly rate of 2 per 1,000 women. Thousands of
screening mammograms were canceled or rescheduled in the
provider group between mid-March and May 2020 during
the period of Massachusetts’ stay-at-home order (personal
communication, Reliant Medical Group) and thus screening
rates dropped near zero during those 3 months. In 2021, an
average of 1,755 screening procedures were completed per
month, with a mean monthly rate of 21.1 tests per 1,000
women in 2021, representing a 43% increase in volume over
the previous year, and a 12% increase compared to 2019.
Diagnostic mammograms also increased in 2021 with an
average of 201 per month, a 20% increase in volume over
2020, and an 8% increase over 2019.

Comparing monthly rates of screening tests between 2019
and 2020, there was a 43% decrease in tests performed in
March, and a 99% decrease in April and May. Screening
rates increased beginning in June 2020 following the first
peak in COVID-19, and mean monthly screening rates for
July through December 2020 were just 3% below the previ-
ous year. Rates continued to increase slowly during 2021

Table 1 Characteristics of the study population, active male and
female patients of the medical provider group aged 30-85, by year

Characteristic Year®
2019 2020 2021

Active eligible patients 145,874 149,092 149,793
N)

Women 80,562 82,696 83,134

Age, years, N (%)
30-39 18,573 (23%) 19,129 (23%) 18,569 (22%)
40-49 17,015 21%) 17,228 21%) 16,720 (20%)
50-74 38,772 (48%) 39,933 (48%) 40,975 (49%)
75-85 6201 (8%) 6406 (8%) 6873 (8%)

Self-reported race/ethnicity

Non-Hispanic white 58,116 (72%) 58,322 (71%) 57,335 (69%)

Non-Hispanic black 2371 (3%) 2463 (3%) 2437 (3%)
Hispanic 3192 (4%) 3284 (4%) 3283 (4%)
Asian 3466 (4%) 3453 (4%) 3328 (4%)
Other/unknown 13,417 (17%) 15,174 (18%) 16,751 (20%)
Men 65,312 66,396 66,659
Age, years
30-54 35,055 (54%) 35,159 (53%) 34,191 (51%)
55-69 21,970 (34%) 22,482 (34%) 22,873 (34%)
70-85 8287 (13%) 8755 (13%) 9590 (14%)

Self-reported race/ethnicity

Non-Hispanic white 46,170 (71%) 45,603 (69%) 44,709 (67%)

Non-Hispanic black 2121 (3%) 2113 (3%) 2075 (3%)
Hispanic 2268 (3%) 2352 (4%) 2404 (4%)
Asian 2568 (4%) 2599 (4%) 2456 (4%)
Other/unknown 12,185 (19%) 13,729 (21%) 15,015 (22%)

*Data collected as of 1 January of the given year

despite additional COVID-19 case surges, and overall aver-
age monthly screening rates in 2021 were about 6% higher
than pre-pandemic rates in 2019 (Fig. 1). The decline in rates
of diagnostic mammography and tomosynthesis during the
initial peak of the pandemic was less than that observed for
screening tests. Diagnostic testing decreased 72% in April
and 55% in May 2020 compared to 2019, with rates between
July and December 6% lower in 2020 than in 2019. Overall
average diagnostic testing rates in 2021 were 5% higher than
pre-pandemic rates in 2019 (Supplementary Fig. 1).
Across age groups, screening rates in April and May 2020
were between 91 and 100% lower than 2019 rates (Fig. 2)
before rebounding somewhat in June. However, average
rates of screening between July and December 2020 among
women aged 30-39 remained 22% below 2019 rates. In
women aged 50-74, the population targeted for biennial
preventive screenings by the USPSTF, screening rates were
nearly equivalent between July and December 2019 and
2020. In 2021, average screening rates increased the most
in women aged 40-49 (21%) compared to 2019. However,
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Fig. 1 Overall rates of screening mammography and tomosynthesis
and Prostate Specific Antigen (PSA) testing per 1,000 people with
COVID-19 monthly case counts in Massachusetts, January 2019-

in the oldest women (aged 75-85), average monthly testing
rates in 2021 were 6% lower than in 2019, suggesting that
this age group did not return to screening at the same fre-
quency as younger women.

We also analyzed trends in testing across groups defined
by race/ethnicity (Fig. 3). In 2019, non-Hispanic Black
women averaged 24 screening procedures, Hispanic
women averaged 21 procedures, non-Hispanic White
women averaged 21 procedures, and Asian women aver-
aged 17 procedures per 1,000 women per month. These
rates dropped between 96 and 100% across all race/
ethnic groups in April and May 2020 compared to the
same months in 2019. During the reopening months of
July-December, while average screening rates among
White women were equivalent to 2019 rates, screening
rates among Hispanic and Black women were 13 and 10%
lower, respectively, and rates among Asian women were
19% lower than the same months in 2019. Screening rates
gradually increased across all race/ethnic groups through
2021, although the increase was greater among White
(10%) and Asian (20%) women, and less among Black
(1%) and Hispanic (4%) women when compared to 2019
rates. Across groups defined by race/ethnicity, rates of
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diagnostic testing decreased between 60 and 76% in April
and 0-71% in May 2020 compared to 2019, but numbers
in some groups were small.

Rates of breast MRI also declined during the spring peak
of COVID-19, with a 50% decrease in April and May 2020
compared to the same months in 2019 but rebounded by
June 2020 (Supplementary Fig. 2). However, few breast
MRIs were conducted in the population overall (mean 69
MRIs per month in 2019 and 74 per month in 2020), and we
were unable to examine trends by race/ethnicity.

We also examined trends in diagnostic breast and lymph
node biopsy procedures (Supplementary Fig. 3). There was
an average of 72 biopsies performed per month in 2019, at a
rate of 0.89 biopsies per 1,000 women. Most biopsies were
performed in women aged 40-49 (39%) or 50-74 (45%). In
2020, an average of 59 biopsies were performed per month,
with a rate of 0.71 per 1,000 women. There was a 64%
decrease in biopsies performed in April and an 85% decrease
in May 2020 compared to the same months in 2019; rates
were nearly equivalent by August, and were 21% higher in
September 2020 compared to 2019. However, the average
rate of biopsies in 2021 (63 biopsies per month; 0.75 per
1,000 women) remained 16% below that observed in 2019.
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Fig.2 Monthly rates of screening mammography and tomosynthesis testing per 1,000 women overall and by age group in a central Massachu-

setts medical provider group, 2019-2021

ITS analyses showed a large and significant decrease
of about 14 procedures per 1,000 women in mammogra-
phy and tomosynthesis tests between February and March
2020 (95% Confidence Interval [CI]: — 21.62 to — 6.08,;
p=0.001). Testing significantly increased between June and
July 2020 as clinics reopened (15.63; 95% CI: 9.94 to 21.32;
p<0.001). ITS analyses also revealed the slope of monthly
mammography and tomosynthesis testing rates remained
steady in the period between January 2019 and February
2020 (p=0.58) and between July 2020 and December 2021
(»p=0.23; Fig. 4 and Supplementary Table 2), representing
the pre-pandemic and reopening periods, respectively.

Prostate cancer

In 2019, an average of 1,119 PSA tests were conducted per
month, with a mean monthly rate of 17.1 tests per 1,000
men. On average in 2020, 1,130 PSA tests were performed
per month, with a similar average rate of 17.0 procedures
per 1,000 men, despite a precipitous drop in testing in April
and May of 2020. Testing rates increased gradually in late
2020 and through 2021, with a mean of 1,378 PSA tests
conducted each month in 2021. Similar to trends observed

for mammography and tomosynthesis, PSA testing declined
greatly between March and May 2020, reaching the lowest
level in April 2020, when tests were performed at a rate of
3.8 per 1,000 men (Fig. 1). Comparing monthly testing rates
between 2019 and 2020, there was a 34% decrease in March,
a78% decrease in April, and a 53% decrease in May. Despite
the lack of clear screening recommendations by the USPSTF
[5], PSA testing rates did not decline as much as those of
mammography and tomosynthesis and experienced a faster
rebound. Average monthly PSA testing rates observed in
June-December 2020 (19.9 tests per 1,000 men) were 20%
higher than the same months in 2019 (16.6 per 1,000) and
remained high through 2021 (19.9 per 1,000).

Similar patterns were observed across age groups, with a
decline in PSA testing in April 2020 of between 73 and 84%
compared to April 2019. In May 2020, men aged 30—69 con-
tinued to experience lower screening rates of 55-58% below
May 2019, with rates in the oldest men aged 70-85 only 42%
below May 2019 levels. PSA testing rates rebounded as the
clinics reopened to rates similar to 2019 during the months
of June through December 2020 (Fig. 5). During 2021, we
observed a 21% increase in rates of PSA testing among
younger men aged 30—69, but just a 4% increase among the

@ Springer



1318

Cancer Causes & Control (2022) 33:1313-1323

40
35

30

\/A\/\/\f

Rate per 1,000 women
~
o

15

10

0 |

//\\J /\/ //\\

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

2019

e \ ON-Hispanic White Non-Hispanic Black

2020 2021

Hispanic Asian Other/Unknown

Fig. 3 Rates of screening mammography and tomosynthesis per 1,000 women by race/ethnic group in a central Massachusetts medical provider

group, 2019-2021

oldest men, compared to 2019 rates. We also observed simi-
lar trends in PSA testing across groups defined by race/eth-
nicity, despite small numbers in some groups (Fig. 6). At the
lowest point in April 2020, testing rates were between 64%
(Hispanic) and 91% (Asian) below April 2019 rates. PSA
testing rates rebounded in all groups beginning in June—July
2020 to levels approaching those observed in 2019. In 2021,
PSA testing rates were up 19-22% in all race/ethnic groups
compared to 2019 rates, and were not impacted by subse-
quent COVID-19 surges.

Few prostate biopsies were conducted in this population,
with a mean number of 12 biopsies per month in 2019,18
biopsies per month in 2020, and 24 per month in 2021 (Sup-
plementary Fig. 4). Between 72 and 76% of prostate biopsies
were performed among men aged 55-69. In contrast to PSA
testing, the rate of prostate biopsies did not decline during
the initial peak of the COVID-19 pandemic in April and
May 2020, or during any subsequent surge. We could not
draw conclusions about trends in TURP procedures, as an
average of 5 procedures were conducted per month through-
out the study period.

ITS analyses showed a large and significant decrease of
about 13 procedures per 1,000 men in PSA testing between
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February and March 2020 (95% CI: -18.85 to -6.26;
p<0.001). Testing significantly increased between June
and July 2020 as clinics reopened (8.19; 95% CI: 3.58 to
12.80; p=0.001). ITS analyses also showed that the slopes
of monthly PSA testing rates increased slightly during the
shutdown period between March and June 2020 (1.87,
p=0.08). Testing rates remained steady between January
2019 and February 2020 (p=0.61) and between July 2020
and December 2021 (p =0.54; Fig. 4 and Supplementary
Table 2).

Discussion

In this analysis, we examined the impact of COVID-19 on
trends in screening for two common cancers with contrasting
recommendations and different testing modalities through
the first 22 months of the pandemic. The first peak of the
COVID-19 pandemic resulted in a drastic reduction in the
number of completed cancer screening tests in our multispe-
cialty provider group serving a large population in central
Massachusetts, although subsequent COVID-19 surges did
not have a noticeable impact on screening rates. Beginning
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on 16 March 2020, non-essential visits, including routine
preventive cancer screenings, were canceled by the provider
group due to COVID-19, resulting in a 99% decrease in the
rate of screening mammography and digital tomosynthe-
sis and a 78% decrease in PSA testing in April 2020 com-
pared to April 2019. Similar trends were observed across
age groups, including women in the 50-74 year age group
targeted by current USPSTF recommendations, and groups
defined by race/ethnicity [6]. In-person visits resumed in
June 2020 with well-established practices to reduce risk to
providers and patients. Although mammography services
remained open throughout the pandemic for patients requir-
ing urgent diagnostic breast studies, including biopsies and
high-risk screenings, we observed a sizable decline in the

rates of diagnostic mammograms between March and June
2020 that could indicate a delay in women receiving needed
diagnostic procedures. Furthermore, thousands of screening
mammograms were canceled or rescheduled between mid-
March and May 2020, as evidenced by screening rates near
zero during these months. Although mammography rates
began to increase in June 2020 and remained steady through
subsequent surges, screening rates among the oldest women
remained below pre-pandemic rates through 2021, and rates
were slower to recover in Black and Hispanic women, sug-
gesting a lasting deficit in mammography rates in certain
subgroups almost two years after the onset of the COVID-19
pandemic. Our results agree with some, but not all, studies
in other populations [9—-11]. Future research will determine
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Fig.5 Rates of PSA testing per 1,000 men overall and by age group in a central Massachusetts medical provider group, 2019-2021

the true impact of screening and diagnostic breast cancer
procedures that were missed or delayed due to COVID-19 on
cancer diagnoses and stage at diagnosis in the coming years.

We also observed a steep decline in PSA testing at
the onset of the pandemic, followed by a relatively quick
rebound, despite the lack of strong screening recommenda-
tions from the USPSTF. Current USPSTF guidelines suggest
that men aged 55-69 discuss potential benefits and harms
with their doctor prior to screening, while recommending
against PSA-based screening in older men [5]. Despite these
guidelines, a small amount of PSA tests continued through-
out the COVID-19 pandemic, including in the oldest age
group. Because the blood laboratory was never completely
closed during the pandemic, a patient could get a PSA test if
their provider had previously ordered the test. Furthermore,
2021 data demonstrate a higher volume of PSA testing when
compared to the same months in 2019. Future studies should
determine whether men whose appointments were canceled
eventually receive a screening test, the length of the delay,
and whether the delay impacted patient outcomes.

Our findings agree with other analyses of imaging and
cancer screening procedures during the COVID-19 pan-
demic. In May 2020, the Epic Health Research Network
(EHRN) analyzed data from 2.7 million patient EHRs and
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observed a 86-94% decline in preventive colon, breast, and
cervical cancer screenings in 2020 compared to the same
weeks in 2017-19 [12]. An updated EHRN analysis sug-
gested that by June 2020, breast cancer screening volumes
were still 29% lower than in 2019 [13]. The authors esti-
mated 285,000 screenings for breast cancer were missed in
the studied populations between March and June 2020. An
analysis of imaging volume in New York State observed an
87% decline in all outpatient imaging procedures by mid-
April 2020 compared to 2019 [14]. An analysis of claims
data from over 6 million Medicare beneficiaries observed
85% fewer breast cancer screenings and 74% fewer prostate
cancer screenings in March—July 2020 compared to 2019
[15]. Similar results were found in analyses of health insur-
ance claims from 6.8 million individuals, which reported a
relative reduction of 90.4% in mammograms among women
aged 46—64 in April 2020 compared to 2019 [16]. However,
few studies have been able to examine longer-term trends in
cancer screening procedures through the second year of the
COVID-19 pandemic and through 2021.

Models from both the US and the United Kingdom sug-
gest a large number of cancer deaths over the next 5 years
may be attributable to delays in diagnostic and screening
procedures [2—4]. Cancers that could have been diagnosed
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Fig.6 Rates of PSA testing per 1,000 men by race/ethnicity in a central Massachusetts medical provider group, 2019-2021

by screening at an early stage may eventually be diagnosed
at a later stage and with worse prognosis. Maringe et al.
estimated a 7.9-9.6% increase in deaths due to breast cancer
up to 5 years after diagnosis [4]. Evidence from our study
and others suggests a lingering disruption in routine can-
cer screening tests among certain subgroups in the post-
peak period, while overall screening rates may have met or
exceeded pre-pandemic rates. [9-11, 17, 18]. It remains to
be seen if the estimates of resulting cancer mortality will
ensue.

Our analysis of longitudinal EHR data from a large,
multispecialty provider group in central Massachusetts pro-
vides real-world evidence to document and quantify trends
in routine cancer screening and diagnostic procedures dur-
ing the first 22 months of the COVID-19 pandemic. The
results presented in this study come from one healthcare sys-
tem in one state; however, recently published studies using
nationwide databases have reported similar trends in cancer
screening tests during 2020 as compared to previous years.
We observed similar declines in testing rates across groups
defined by age and race/ethnicity in the initial pandemic
shutdown. However, between 17 and 19% of our study popu-
lation was missing definitive data on race, suggesting these
results should be confirmed in other populations. We also

did not investigate whether high-risk populations had differ-
ent testing patterns during the pandemic compared to other
patient groups. Since high-risk groups (including patients
with prior abnormal findings or genetic predisposition) have
a greater chance for harm from delayed testing, future stud-
ies should specifically identify and follow these groups.

As the COVID-19 pandemic continues, it is essential to
understand the factors behind the slower rate of return to
breast cancer screening observed among Black and Hispanic
women in the post-peak months. Patient-level factors influ-
encing a woman’s choice to reschedule a canceled screening
test may include perceived safety, financial hardship or lack
of insurance brought about directly or indirectly by COVID-
19, poor access to care [19], or conflicting and increased
responsibilities including working from home and childcare.
We did not follow individual patients to determine whether
patients who canceled screening tests during the COVID-
19 pandemic returned to screening. Future research should
also identify patient-level factors contributing to decision-
making around routine cancer screening during and after
the COVID-19 pandemic to ensure all patients have access
to adequate care.

In conclusion, the sizable reduction in both breast
and prostate cancer screening tests and in diagnostic
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mammography during the first peak of the COVID-19 pan-
demic in central Massachusetts, and the slower rate of return
to breast cancer screening among certain subgroups, illus-
trates the potential for delayed diagnosis and worse prog-
nosis among patients with missed tests. The impact of the
pandemic on cancer prevention and early detection signals
potential downstream effects that will become evident at
both the patient and organization levels in the coming years.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10552-022-01616-4.

Acknowledgments The authors would like to acknowledge the contri-
butions of Mary Charpentier and Wendy Macleod from Reliant Medi-
cal Group and thank them for their assistance with this project.

Author contributions MME, TSF: Conceptualization; MME, TS, LDG,
JHG, DS, ETW, HF: Methodology; DS, MF, HF: Formal analysis and
investigation; MME: Writing—original draft preparation; ETW, TS,
LDG, JHG, DS, MF, HF: Writing—review and editing; JHG, LDG:
Funding acquisition; LDG, JHG; TSF: Supervision.

Funding This work was supported by funding from Reliant Medical
Group and The Meyers Health Care Institute, a joint endeavor of the
University of Massachusetts Chan Medical School, Fallon Health, and
Reliant Medical Group (formerly the Meyers Primary Care Institute).

Data availability The data that support the findings of this study are
available on request from the corresponding authors [MME, LDG]. The
data are not publicly available due to them containing information that
could compromise research participant privacy.

Declarations

Conflict of interest The authors have no relevant financial or non-fi-
nancial interests to disclose.

Ethical approval This project was approved by the Institutional Review
Board at the University of Massachusetts Chan Medical School.

References

1. Massachusetts Department of Public Health. COVID-19 Response
Reporting. COVID-19 Raw Data—Dec 13, 2020. https://www.
mass.gov/info-details/covid-19-response-reporting#covid-19-
daily-dashboard. Accessed Dec 13 2020

2. Sharpless NE (2020) COVID-19 and cancer. Science 368:1290.
https://doi.org/10.1126/science.abd3377

3. Sud A, Torr B, Jones ME, Broggio J, Scott S, Loveday C et al
(2020) Effect of delays in the 2-week-wait cancer referral pathway
during the COVID-19 pandemic on cancer survival in the UK: a
modelling study. Lancet Oncol 21:1035-1044. https://doi.org/10.
1016/S1470-2045(20)30392-2

4. Maringe C, Spicer J, Morris M, Purushotham A, Nolte E, Sullivan
R et al (2020) The impact of the COVID-19 pandemic on cancer
deaths due to delays in diagnosis in England, UK: a national,
population-based, modelling study. Lancet Oncol 21:1023-1034.
https://doi.org/10.1016/S1470-2045(20)30388-0

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

US Preventive Services Task Force, Grossman DC, Curry SJ,
Owens DK, Bibbins-Domingo K, Caughey AB et al (2018)
Screening for prostate cancer: US preventive services task force
recommendation statement. JAMA 319:1901-1913. https://doi.
org/10.1001/jama.2018.3710

Siu AL, US Preventive Services Task Force (2016) Screening for
breast cancer: US preventive services task force recommendation
statement. Ann Intern Med 164:279-296. https://doi.org/10.7326/
M15-2886

Ross TR, Ng D, Brown JS, Pardee R, Hornbrook MC, Hart G et al
(2014) The HMO research network virtual data warehouse: a pub-
lic data model to support collaboration. Egems. 2:1049. https://
doi.org/10.13063/2327-9214.1049

Carter HB, Albertsen PC, Barry MJ, Etzioni R, Freedland SJ,
Greene KL et al (2013) Early detection of prostate cancer: AUA
Guideline. J Urol 190:419-426. https://doi.org/10.1016/j.juro.
2013.04.119

Labaki C, Bakouny Z, Schmidt A, Lipsitz SR, Rebbeck TR, Trinh
QD et al (2021) Recovery of cancer screening tests and possible
associated disparities after the first peak of the COVID-19 pan-
demic. Cancer Cell 39:1042-1044. https://doi.org/10.1016/j.ccell.
2021.06.019

Sprague BL, Lowry KP, Miglioretti DL, Alsheik N, Bowles EJA,
Tosteson ANA et al (2021) Changes in mammography use by
women’s characteristics during the first 5 months of the COVID-
19 pandemic. J Natl Cancer Inst 113:1161-1167. https://doi.org/
10.1093/jnci/djab045

Sprague BL, O’Meara ES, Lee CI, Lee JM, Henderson LM, Buist
DSM et al (2021) Prioritizing breast imaging services during the
COVID pandemic: a survey of breast imaging facilities within
the breast cancer surveillance consortium. Prev Med 151:106540.
https://doi.org/10.1016/j.ypmed.2021.106540

Epic Health Research Network. Delayed Cancer Screenings. Pub-
lished May, 4 2020. https://www.ehrn.org/articles/delays-in-preve
ntive-cancer-screenings-during-covid-19-pandemic/. Accessed
Dec 13 2020

Epic Health Research Network. Delayed Cancer Screenings - A
Second Look. Published July 17, 2020. https://www.ehrn.org/artic
les/delayed-cancer-screenings-a-second-look/. Accessed Dec 13
2020

Naidich JJ, Boltyenkov A, Wang JJ, Chusid J, Hughes D, Sanelli
PC (2020) Impact of the coronavirus disease 2019 (COVID-19)
pandemic on imaging case volumes. ] Am Coll Radiol 17:865—
872. https://doi.org/10.1016/j.jacr.2020.05.004

Patt D, Gordan L, Diaz M, Okon T, Grady L, Harmison M et al
(2020) Impact of COVID-19 on cancer care: how the pandemic
is delaying cancer diagnosis and treatment for American seniors.
JCO Clin Cancer Inform 4:1059-1071. https://doi.org/10.1200/
CCI1.20.00134

Whaley CM, Pera MF, Cantor J, Chang J, Velasco J, Hagg HK
et al (2020) Changes in health services use among commercially
insured US populations during the COVID-19 pandemic. JAMA
Netw Open 3:¢2024984. https://doi.org/10.1001/jamanetwor
kopen.2020.24984

Bakouny Z, Paciotti M, Schmidt AL, Lipsitz SR, Choueiri TK,
Trinh QD (2021) Cancer screening tests and cancer diagnoses
during the COVID-19 pandemic. JAMA Oncol 7:458-460. https://
doi.org/10.1001/jamaoncol.2020.7600

DeGroff A, Miller J, Sharma K, Sun J, Helsel W, Kammerer W
et al (2021) COVID-19 impact on screening test volume through
the national breast and cervical cancer early detection program,
January-June 2020, in the United States. Prev Med 151:106559.
https://doi.org/10.1016/j.ypmed.2021.106559

19. Miller MM, Meneveau MO, Rochman CM, Schroen AT, Latti-

more CM, Gaspard PA et al (2021) Impact of the COVID-19 pan-
demic on breast cancer screening volumes and patient screening


https://doi.org/10.1007/s10552-022-01616-4
https://www.mass.gov/info-details/covid-19-response-reporting#covid-19-daily-dashboard
https://www.mass.gov/info-details/covid-19-response-reporting#covid-19-daily-dashboard
https://www.mass.gov/info-details/covid-19-response-reporting#covid-19-daily-dashboard
https://doi.org/10.1126/science.abd3377
https://doi.org/10.1016/S1470-2045(20)30392-2
https://doi.org/10.1016/S1470-2045(20)30392-2
https://doi.org/10.1016/S1470-2045(20)30388-0
https://doi.org/10.1001/jama.2018.3710
https://doi.org/10.1001/jama.2018.3710
https://doi.org/10.7326/M15-2886
https://doi.org/10.7326/M15-2886
https://doi.org/10.13063/2327-9214.1049
https://doi.org/10.13063/2327-9214.1049
https://doi.org/10.1016/j.juro.2013.04.119
https://doi.org/10.1016/j.juro.2013.04.119
https://doi.org/10.1016/j.ccell.2021.06.019
https://doi.org/10.1016/j.ccell.2021.06.019
https://doi.org/10.1093/jnci/djab045
https://doi.org/10.1093/jnci/djab045
https://doi.org/10.1016/j.ypmed.2021.106540
https://www.ehrn.org/articles/delays-in-preventive-cancer-screenings-during-covid-19-pandemic/
https://www.ehrn.org/articles/delays-in-preventive-cancer-screenings-during-covid-19-pandemic/
https://www.ehrn.org/articles/delayed-cancer-screenings-a-second-look/
https://www.ehrn.org/articles/delayed-cancer-screenings-a-second-look/
https://doi.org/10.1016/j.jacr.2020.05.004
https://doi.org/10.1200/CCI.20.00134
https://doi.org/10.1200/CCI.20.00134
https://doi.org/10.1001/jamanetworkopen.2020.24984
https://doi.org/10.1001/jamanetworkopen.2020.24984
https://doi.org/10.1001/jamaoncol.2020.7600
https://doi.org/10.1001/jamaoncol.2020.7600
https://doi.org/10.1016/j.ypmed.2021.106559

Cancer Causes & Control (2022) 33:1313-1323

1323

behaviors. Breast Cancer Res Treat 189:237-246. https://doi.org/
10.1007/s10549-021-06252-1

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor holds exclusive rights to this article under
a publishing agreement with the author(s) or other rightsholder(s);
author self-archiving of the accepted manuscript version of this article
is solely governed by the terms of such publishing agreement and
applicable law.

@ Springer


https://doi.org/10.1007/s10549-021-06252-1
https://doi.org/10.1007/s10549-021-06252-1

	Trends in breast and prostate cancer screening and diagnostic procedures during the COVID-19 pandemic in central Massachusetts
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Study population
	Data source
	Analysis

	Results
	Breast cancer
	Prostate cancer

	Discussion
	Acknowledgments 
	References




