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Abstract

Introduction: The impact of the COVID-19 pandemic on cancer screenings and care has yet to be determined. This
study aims to investigate the screening, diagnosis, and mortality rates of the top five leading causes of cancer mortality in
the United States from 2019 to 2021 to determine the potential impact of the COVID-19 pandemic on cancer care.

Methods: A retrospective cohort study investigating the impact of the COVID-19 pandemic on screening, diagnoses,
and mortality rates of the top five leading causes of cancer death (lung/bronchus, colon/rectum, pancreas, breast, and
prostate), as determined by the National Institute of Health (NIH) utilizing The United States Healthcare Cost Institute
and American Cancer Society databases from 2019 to 2021.

Results: Screenings decreased by 24.98% for colorectal cancer and 16.01% for breast cancer from 2019 to 2020.
Compared to 2019, there was a .29% increase in lung/bronchus, 19.72% increase in colorectal, 1.46% increase in
pancreatic, 2.89% increase in breast, and 144.50% increase in prostate cancer diagnoses in 2020 (all P < .01). There was an
increase in the total number of deaths from colorectal, pancreatic, breast, and prostate cancers from 2019 to 2021.

Conclusion: There was a decrease in the screening rates for breast and colorectal cancer, along with an increase in the
estimated incidence and mortality rate among the five leading causes of cancer deaths from 2019 to 2021. The findings
suggest that the COVID-19 pandemic is associated with impaired cancer screening, diagnosis, and care, and further
emphasizes the need for proactive screening and follow-up to prevent subsequent cancer morbidity and mortality.
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Introduction

Throughout the coronavirus disease 2019 (COVID-19),
there have been concerns regarding the potential impacts
of the pandemic on the delivery of routine care within the
United States (U.S.).1-3 According to the Center for
Disease Control (CDC), an estimated 41% of adults in the
U.S. have avoided both routine (32%) and urgent (12%)
care because of COVID-19-related concerns.2 Most no-
tably, the COVID-19 pandemic has impacted routine
cancer screening, diagnosis, and treatment.4 Due to CDC
recommendations to postpone non-urgent medical care
along with general public hesitation to enter medical
settings, there has been a precipitous drop in cancer
screenings throughout the pandemic.3,5

According to the National Institute of Health (NIH),
the top five cancers with the greatest mortality in the U.S.

1A.T. Still University School of Osteopathic Medicine, Mesa, AZ, USA
2Florida International University, Herbert Wertheim College of
Medicine, Miami, FL, USA
3Department of Surgery, Division of Trauma and Surgical Critical Care,
Orlando Regional Medical Center, Orlando, FL, USA
4Department of Surgical Education, Orlando Regional Medical Center,
Orlando, FL, USA

Corresponding Author:
*Adel Elkbuli, Department of Surgery, Division of Trauma and Surgical
Critical Care, Orlando Regional Medical Center, 52 W Underwood St.,
Orlando, FL 32806, USA.
Email: Adel.elkbuli@orlandohealth.com

https://us.sagepub.com/en-us/journals-permissions
https://doi.org/10.1177/00031348221091948
https://journals.sagepub.com/home/asu
mailto:Adel.elkbuli@orlandohealth.com


include lung, colon, pancreas, breast, and prostate, in
descending order.6 Of these, routine screenings are rec-
ommended for lung, colon, and breast cancers.7 A recent
meta-analysis reported significant decreases in both breast
and colon cancer screening compared with pre-pandemic
levels.5 The late detection of these aggressive malig-
nancies may result in worse prognoses and sub-optimal
treatment options.4 For example, if detection of colorectal
cancer is delayed, cancer may spread and severely limit
treatment options and negatively impact patient
outcomes.4

Recent studies investigating the impact of the
COVID-19 pandemic on cancer screening, diagnoses,
and mortality have been limited in either their scope or
population scale.5,8,9 For example, a recent meta-
analysis investigating changes in cancer screening re-
vealed lower rates compared to the pre-pandemic ref-
erence year but were limited to small patient registries
used to collect the original data.5 Similarly, other
studies investigating new diagnoses or mortality during
the pandemic were limited to available EMR records
from individual health networks or analyzed trends in
only one type of cancer.8,9 There is a need for a mor-
e comprehensive investigation to understand the broad
impact of the COVID-19 pandemic on cancer
screening and care. The aim of this study is to in-
vestigate screening, diagnosis, and mortality rates of
the top five leading causes of cancer mortality in
the U.S. between 2019 and 2021 to determine the
potential impact of the COVID-19 pandemic on cancer
care.

Methods

Study Design and Population Characteristics

A retrospective cohort study using publicly accessible
data reported by the American Cancer Society (ACS) of
the estimated diagnostic and mortality rates of the top
five leading causes of cancer mortality, as determined
by the National Cancer Institute (NCI) (lung/bronchus,
colon/rectum, pancreas, breast, and prostate), for the
years 2019, 2020, and 2021.4,6 The year 2019 is in-
cluded as a reference year. Cancer screening data were
collected from the United States Healthcare Cost In-
stitute (HCCI) for colon/rectum, breast, and prostate
cancer for the years 2019 and 2020.3 Screening rates
were determined by cumulative colonoscopies, mam-
mograms, and prostate-specific antigen (PSA) tests
for the years 2019 and 2020. U.S. population
statistics were provided by the U.S. Census Bureau
and used to calculate incidence rates.10 Mortality
rates were reported as total deaths in 2019, 2020, and
2021.

Data Collection Strategy

The United States Healthcare Cost Institute (HCCI) da-
tabase was used to evaluate changes in cancer screenings
for the years 2019 and 2020 for breast, colorectal, and
prostate cancer.11 Lung/bronchus and pancreatic cancer
screenings were not reported in the database. The HCCI is
an independent, non-profit research institute that gathers
data via clearinghouse records systems, a third-party data
collection organization between patients and their in-
surance providers.11 The data includes 184 million claims
from 30 million patients in 18 different states.

The ACS provided an estimate of the total number of
new cancer diagnoses and deaths across the U.S. for the
following five leading causes of cancer mortality: lung
and bronchus, colon and rectum, pancreas, breast, and
prostate.

Statistical Analysis

Microsoft Excel was utilized for statistical analysis. De-
scriptive statistics (mean and frequency) and percent
change were performed to determine the difference in
screening, diagnosis, and mortality for the top leading
causes of cancer mortality. Percent change for the years
2020 and 2021 was compared to the reference year 2019.
The incidence rate ratio was computed via Exact Poisson.
Significance was defined as P<.05.

Results

Nationwide Cancer Screening

In 2019, there were an estimated 46,718,350 breast, 22,
575,550 colorectal, and 49,014,200 prostate cancer
screenings. In 2020, there were an estimated 39,238,200
breast, 17,094,800 colorectal, and 49,713,150 prostate
cancer screenings. Compared to 2019, there was a 24.98%
decrease in colorectal cancer screening, a 16.01% de-
crease in breast cancer screening, and a 1.43% increase in
prostate cancer screening in 2020 (Figure 1).

Nationwide Cancer Diagnoses

The number of diagnoses of all the top 5 leading causes of
cancer mortality increased each consecutive year from
2019 to 2020 and 2021 (Figure 2). The number of lung/
bronchus cancer diagnoses increased from 228,150 in
2019 to 228,820 in 2020 (+.29%) and 235,760 in 2021
(+3.34%). Lung/bronchus cancer had an incidence rate of
69.51/100,000 person-years (PY) in 2019, 69.15/100,
000PY in 2020, and 70.91/100,000PY in 2021. The in-
cidence rate of lung/bronchus cancer was 1.02 times
greater in 2021 than in 2019 (P < .001).
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The number of colorectal cancer diagnoses increased
from 123,580 in 2019 to 147,950 in 2020 (+19.72%) and
149,500 in 2021 (+20.97%). Colorectal cancer had an
incidence rate of 37.54/100,000PY in 2019, 44.71/100,
000PY in 2020, and 44.97/100,000PY in 2021. The in-
cidence rate of colon/rectum cancer was 1.19 times greater
in 2020 than 2019 (P < .001) and 1.19 times greater in
2021 than 2019 (P < .001).

The number of pancreatic cancer diagnoses increased
from 56,770 in 2019 to 57,600 in 2020 (+1.46%) and 60,
430 in 2021 (+6.45%). Pancreatic cancer had an incidence
rate of 17.30/100,000PY in 2019, 17.41/100,000PY in
2020, and 18.18/100,000PY in 2021. The incidence rate
of pancreatic cancer was 1.05 times greater in 2021 than in
2019 (P < .001).

The number of breast cancer diagnoses increased from
271,270 in 2019 to 279,100 in 2020 (+2.89%) and 284,
200 in 2021 (+4.77%). The incidence rate of breast cancer
was 82.64/100,000PY in 2019, 84.35/100,000PY in 2020,

and 85.49/100,000PY in 2021. The incidence rate of
breast cancer was 1.02 times greater in 2020 than in 2019
(P < .001) and 1.03 times greater in 2021 than in 2019 (P <
.001).

The number of prostatic cancer diagnoses increased
from 78,500 in 2019 to 191,930 in 2020 (+144.50%) and
248,530 in 2021 (+216.60%). The incidence of prostate
cancer was 23.92/100,000PY in 2019, 58.00/100,000PY
in 2020, and 74.76/100,000PY in 2021. The incidence rate
of prostatic cancer was 2.43 times greater in 2020 than in
2019 (P < .001) and 3.13 times greater in 2021 than in
2019 (P < .001).

Compared to 2019, there was a .29% increase in
lung/bronchus cancer diagnoses, a 19.72% increase in
colorectal cancer diagnoses, a 1.46% increase in pan-
creatic cancer diagnoses, a 2.89% increase in breast
cancer diagnoses, and a 144.50% increase in prostate
cancer diagnoses in 2020. Compared to the decrease in
screening for colorectal and breast cancer, diagnoses for

Figure 1. Projected number of colorectal, breast, and prostate cancer screenings during the years 2019 and 2020.

Figure 2. Estimated total number of cancer diagnoses of the top five leading causes of cancer mortality for the years 2019, 2020, and
2021. All five leading causes of cancer deaths increased in estimated new diagnoses between 2019 and 2021.
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these two cancers increased from 2019 to 2020
(Figure 3).

Nationwide Cancer Mortality

Four of the top five leading causes of cancer deaths had an
estimated increase in the total number of deaths in 2020
and 2021, compared to 2019 (Figure 4). There was an
increase in deaths from colorectal cancer from 51,020 in
2019 to 53,200 in 2020 (+4.27%) and 52,980 in 2021
(+3.84%). There was an increase in deaths from pan-
creatic cancer from 45,750 in 2019 to 47,050 in 2020
(+2.84%) and 48,220 in 2021 (+5.40%). There was an
increase in deaths from breast cancer from 42,260 in 2019
to 42,690 in 2020 (+1.02%) and 44,130 in 2021 (+4.42%).
There was an increase in deaths from prostate cancer from

31,620 in 2019 to 33,330 in 2020 (+5.41%) and 34,130 in
2021 (+7.94%). There was only a decrease in deaths from
lung/bronchus cancer from 142,670 in 2019 to 135,720 in
2020 (�4.87%) and 131,880 in 2021 (�7.56%).

Four out of the five cancer types showed increases in
both new diagnoses and mortality in the years 2020 and
2021, compared to 2019. Only lung and bronchus cancer
showed an increase in new cases with a decrease in
mortality in the same years. Screening decreased while
new diagnoses and mortality increased for colorectal and
breast cancer from 2019 to 2020 (Figure 5).

Discussion

This study found a decrease in screening rates by 16.01%
and 24.98% for breast and colon cancer, respectively,

Figure 3. Percent change between screening rates and estimated diagnostic rates for colorectal, breast, and prostate cancer for the
year 2020 compared to 2019.

Figure 4. Estimated total number of cancer deaths for the top five cancers with the highest mortality rate. Colorectal, pancreatic,
breast, and prostatic cancers all had an estimated increase in mortality for the years 2020 and 2021, compared to 2019. Lung/bronchus
cancer saw a decrease in mortality in 2020 and 2021 compared to 2019.
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from 2019 to 2020. All five of the leading causes of cancer
mortality (lung/bronchus, colorectal, pancreatic, breast,
and prostatic cancer) in the U.S. demonstrated an increase
in new diagnoses from 2019 to 2021. Notably, there was
a greater increase in diagnoses of prostate, colon, and
breast cancer from 2019 to 2020, compared with 2020 to
2021. There was a significant increase of 3.13, 1.19, and
1.03 times the incidence rate of prostate, colon, and breast
cancer, respectively, from 2019 to 2021. Correspondingly,
there was an increase in mortality from colorectal, pan-
creas, breast, and prostate cancer from 2019 to 2021.

Our findings indicate that cancer screenings have
decreased during the COVID-19 pandemic, supporting
the findings of previous studies. A meta-analysis per-
formed by Mayo et al tracked cancer screenings before
and during the COVID-19 pandemic, and revealed sig-
nificantly lower pooled incidence ratios for breast (.63)
and colon (.11) cancer screenings during this time.5

Additionally, a study conducted by Englum et al in-
vestigating the rates of cancer screening within the Vet-
erans Affairs Healthcare System during the onset of the
pandemic in 2020 found colonoscopies decreased by 45%
from 2019.8 Another study by Patt et al found a pre-
cipitous drop in breast, colon, prostate, and lung cancer
screenings during 2020 compared with 2019.12 The
findings of our study supports the extensive evidence that
cancer screenings have decreased during the COVID-19
pandemic, warranting discussion of rebooting preventive
health services during the midst of the ongoing pandemic
with special attention to overdue screenings and di-
agnostic follow-ups.5,8,11,12

The decrease in cancer screening exhibited by our
study is likely multifactorial, including widespread clo-
sures, financial insecurity and public hesitation to enter
medical settings. In 2020, the CDC released a statement
recommending postponing non-urgent services including

preventive care and screening examinations.3,13 Conse-
quently, many outpatient medical settings experienced
closures, particularly in rural areas, creating delays in
routine care.8 Economic pressures from COVID-19 have
also left many unemployed and without employer-
sponsored health insurance introducing unforeseen
challenges to healthcare access.14 These barriers have
continued to persist throughout new outbreaks of COVID-
19 variants.15 While an increase in telehealth services
have relatively compensated for some of these challenges,
these encounters hinder physical exams, diagnostic tests,
and imaging.16,17 Conversely, telehealth services may
offer an affordable and efficient platform to conduct some
home-based screenings, such as “Cologuard,” to promote
colorectal cancer screening despite barriers to
colonoscopies.18

Interestingly, there was an increase in prostate cancer
screening from 2020 to 2019. While the literature
suggests there has been a uniform decrease in cancer
screenings, this finding suggests that the COVID-19
pandemic has had varying impacts on cancer screening
tools. PSA tests for prostate cancer were rapidly
adopted following the transition to telehealth con-
sultations.19 During this transition, guidelines were
released that discouraged other screening modalities
such as digital rectal exams, in accordance with lock-
downs and concerns of fecal-oral transmission of
COVID-19 infections.20,21 While PSA screenings in-
creased during the pandemic, it is important to note that
there have been delays in diagnostic follow-up after
a positive screening.22 This is supported by the increase
in prostate cancer diagnoses and corresponding mor-
tality found by our study, indicating that while prostate
cancer screenings remain unaffected during the pan-
demic, subsequent diagnosis and cancer care may have
suffered.

Figure 5. Percent changes in screening, diagnoses, and mortality in 2020 compared to 2019.
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We found an increase in the incidence rate for all top
five leading causes of cancer deaths in the U.S. from
2019 to 2021. The concurring decrease in cancer
screenings during the pandemic likely delayed cancer
detection, allowing for pre-cancerous disease pro-
gression and more advanced cancer presentations,
potentially explaining the increasing cancer diagnoses
found by our study.23-26 Contrary to our findings,
a cross-sectional analysis found a combined decrease of
46.4% in new weekly cancer diagnoses for breast,
colon, lung, pancreatic, gastric, and esophageal cancer
in 2020 compared with 2018.27 The study was con-
ducted utilizing limited EMR records and registries,
and our evaluation utilizing the ACS database repre-
sents a more comprehensive evaluation of cancer di-
agnoses across the entire U.S.

Finally, our findings indicate there was an increase in
colorectal, breast, prostate, and pancreatic cancer mor-
tality during the pandemic. Considering the rapid pro-
gression of some forms of cancer, there have been
concerns regarding delays in surgical interventions due to
the COVID-19 pandemic.28 In the midst of the continued
healthcare burden from COVID-19, many breast, colon,
and prostate cancer surgical interventions have been
postponed, even in the setting of aggressive malignan-
cies.29 These delays likely result from decreased avail-
ability of medical equipment, such as ventilators, in order
to redirect resources for critical care of COVID-19 pa-
tients.30 Combined with the economic barriers to care and
delays in crucial surgical interventions, it is unsurprising
that cancer mortality has increased throughout the
pandemic.

The findings of our study warrant a discussion of the
potential implications of reduced cancer screening and
care during the COVID-19 pandemic. According to the
World Health Organization (WHO), early cancer care
increases the chances of survival and avoids potential
treatment complications and subsequent substantial
healthcare costs.31 For example, colon cancer screening
procedures such as colonoscopies allow for visualization
of pre-cancerous lesions, effectively reducing both colon
cancer incidence and mortality.32 Other screening meth-
ods may be conducted through telehealth visits, such as
non-invasive fecal immunochemical test (n-FIT), but
positive results still require prompt diagnostic follow-up,
requiring in-person visits.33

Similarly, optimal breast cancer screening and di-
agnostic modalities require the utilization of in-person
medical facilities. In contrast to colon cancer screening,
less intrusive screening modalities, such as “self-breast
exams” are not recommended, limiting opportunities for
effective screening during the pandemic.34 Similarly, the
screening and diagnosis of prostate cancers often require
physical exams and biopsies for proper staging and
treatment guidance.35

Based on the findings of this study, we offer several
recommendations to mitigate the potential negative ef-
fects of the COVID-19 pandemic on screening, diagnosis,
and mortality for the top 5 leading causes of cancer-related
mortality. First, we endorse the suggestions provided by
the New England Journal of Medicine to develop clinical
registries that notify providers and patients when they are
due for preventive services.36 We also recommend in-
creased distribution of at-home prevention kits (ie, FIT-
DNA testing).36 Subsequently, the development of
transport services for pick-up and delivery of patient
samples to nearby laboratories may improve compliance
with sample collection.37 Communication systems for
diagnostic follow-up after positive screening results
should also be strengthened.38 Additionally, future studies
should investigate the stages at which cancers are detected
before and during the pandemic to elucidate whether
delays in screening have impacted the stage of disease
presentation.

Given our findings of increased cancer mortality rates
and the scarcity of medical resources throughout the
pandemic, we recommend utilizing a triage approach to
cancer treatment. This approach was implemented for the
management of breast cancer, in order to maximize the
number of therapeutic surgeries while minimizing po-
tential exposure to COVID-19. Triage has also been used
to identify high-risk patients that may benefit most from
at-home FIT tests.9,18 We recommend extending this
triage approach to other malignancies where applicable.
Furthermore, we advocate for the interprofessional col-
laboration between hospitals to grant operating privileges
to surgeons from nearby medical centers that have been
disproportionately impacted by COVID-19 and do not
have the adequate resources to perform elective cancer
procedures.39

This study was not without limitations. First, the
publicly available data provided by the ACS after the year
2018 included estimates developed from algorithms that
may have a multifactorial influence. Second, the cancer
screening data was provided by the HCCI database which
investigates the electronic medical records of insured
patients only, potentially excluding undocumented pa-
tients or those who self-pay for their services. Finally, the
HCCI database only includes data from 18 states, most of
which were predominantly of the western region. Future
investigations should investigate the impact of the
COVID-19 pandemic on uninsured and vulnerable pop-
ulations, given that these individuals are often at signif-
icant risk for cancer-related disease and mortality.

Conclusion

Our study found decreases in the screening rates for breast
and colorectal cancer, along with an increase in the es-
timated incidence and mortality rate of the five leading
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causes of cancer deaths from 2019 to 2021. While these
changes are likely multifactorial, our findings support the
mounting evidence that the COVID-19 pandemic is as-
sociated with impaired cancer screening, diagnosis, and
care, and further emphasizes the critical need for proactive
screening and follow-up to prevent subsequent cancer
morbidity and mortality. While screening modalities for
some cancers, such as colorectal cancer, can be effectively
conducted at home and via telehealth visits, diagnostic
follow-up and subsequent treatment have been negatively
impacted by the pandemic. Innovative solutions to these
unforeseen barriers to cancer screening and care must be
implemented to improve cancer detection, treatment, and
ultimately patient outcomes during the pandemic.
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