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Abstract

Background: The COVID-19 pandemic has had a profound global impact on health-care systems and patient outcomes. However,
the specific effects of the pandemic on cancer incidence rates in the United States during its initial year remain unknown.

Methods: In this study, we analyzed data from the Surveillance, Epidemiology, and End Results-22 registries, which encompass
approximately 50% of the US population. We investigated changes in monthly incidence rates stratified by various factors, including
cancer type, stage, age group, sex, race and ethnicity, socioeconomic status, rural-urban status, and registry locations. We compared
the incidence rates observed during the pandemic with those from the previous year.

Results: Our findings revealed a decline in incidence rates for all cancer sites combined starting in March 2020, coinciding with the
implementation of stay-at-home orders. This decline reached its lowest point in April 2020 and persisted at a lower level until May
2020. Notably, compared with April 2019, the incidence rates in April 2020 dropped by 48.1% and did not consistently return to pre-
pandemic levels. The reduction in cancer rates was more pronounced in urban and affluent counties. Across all cancer types, there
was a statistically significant decrease in incidence rates during the pandemic, with the largest declines observed in thyroid (71.2%),
prostate (57.9%), breast (54.9%), and colon and rectum cancers (54.1%). Furthermore, these decreases were primarily observed in early
stage rather than late-stage disease.

Conclusions: The COVID-19 pandemic had a statistically significant impact on cancer outcomes. Monitoring long-term consequen-

ces of the pandemic on cancer incidence, stage at diagnosis, and mortality trends will be crucial.

The COVID-19 pandemic delayed medical care access in the
United States (1). Studies using US cancer registry data have
shown substantial declines in the number of new cancer diagno-
ses in 2020, the first year of the pandemic (2,3). These studies
have indicated that declines in case counts were attributable to
pandemic-related delays in cancer care, such as delays in cancer
screening and diagnosis, rather than to changes in registry opera-
tions or interruptions in data collection efforts. However, these
findings are not generalizable to the overall US population
because they are based on hospital- or facility-based registries,
electronic pathology reports, or non-nationwide data (3,4).
Furthermore, none of these studies reported incidence rates that
account for the population denominator using 2020 data.

The stay-at-home orders that were implemented in many
countries in March 2020 in response to the COVID-19 pandemic
had a clinically significant impact on medical care services.
Many outpatient clinics and medical offices either closed or lim-
ited their services, resulting in delayed or reduced access to rou-
tine health care, preventive and follow-up
appointments for various health conditions, including cancer (5).

screenings,

Herein, we examine incidence rates using 2020 data for all cancer

sites combined, by cancer type, and by demographic subgroups
(eg, sex, age, race and ethnicity, socioeconomic status, rural-
urban status, and registry locations) to assess the pandemic’s
impact on cancer incidence rates in the US population. To
accomplish this, we report monthly incidence rates in 2020 (ie,
pandemic) and compare them with monthly incidence rates in
2019 (ie, prepandemic). We also report annual age-adjusted inci-
dence rates in 2020 compared with 2019 by stage at diagnosis to
assess how the pandemic impacted disease severity.

Methods

Data were obtained from 22 cancer registries in the Surveillance,
Epidemiology, and End Results (SEER) Program, representing
about 48% of the US population (6). We calculated monthly inci-
dence rates for 2019 and 2020 for all sites combined and by sex,
age at diagnosis (0-19, 20-59, 60-69, 70-79, 80 years and older),
race and ethnicity (non-Hispanic White, non-Hispanic Black,
non-Hispanic Asian and Pacific Islander, non-Hispanic American
Indian and Alaska Native, and Hispanic), county-level poverty
(<10% poverty, 10%-19.9% poverty, 20% or higher poverty),
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county-level rural-urban continuum (nonmetropolitan: not adja-
cent to metropolitan; nonmetropolitan: adjacent to metropolitan;
metropolitan < 250000 population; metropolitan 250000-1 mil-
lion population; metropolitan > 1 million population), and regis-
try location. County-level poverty data came from the US census
and from the most recent American Community Survey 2017-
2021. Rural-urban continuum codes were available from the US
Census 2013 (7). Data on non-Hispanic American Indian and
Alaska Native populations were restricted to purchased or
referred care delivery areas to reduce racial misclassification for
reporting incidence rates by non-Hispanic American Indian and
Alaska Native.

We used the Vintage 2020 population estimates projected from
the 2010 census as the denominator for calculating incidence
rates (8). To calculate rates for a given month, we calculated pop-
ulation at risk in a given month based on the annual (ie, mid-year
July 1) county population estimates. Specifically, we use July 1
population as an estimate of person-years at risk because we can-
not calculate person-years at risk directly. We first obtained
annual county population estimates by age, sex, race, county, cal-
endar year, and Hispanic origin. To estimate the rates, we first
divided the annual population estimates by 365days for a given
stratum by any combination of the factors above and then con-
verted population size from day to month to obtain population at
risk in each month. The monthly incidence rates were age stand-
ardized to the 2000 US population in 5-year age groups. We
selected cancers with screening recommendations (female breast,
prostate, colorectal), cancer types detected mainly by symptoms
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(lung and bronchus [although lung cancer has screening guide-
lines, most lung cancers are still symptom detected], esophageal,
pancreas), cancers with frequent incidental detection (bladder,
thyroid), and a hematologic cancer (non-Hodgkin lymphoma).
Stage distribution using combined Summary Stage (https://seer.
cancer.gov/tools/ssm/) was reported by cancer type. Cancer stage
was categorized as in situ, localized, regional, and distant.

The analyses were conducted using SEER*Stat software ver-
sion 8.4.1 (9). Authors NH and DM analyzed the data. The
decrease (or percent change) in the April 2020 rate compared
with the April 2019 rate was calculated using SEER*Stat.
Specifically, we used SEER*Stat estimates of ratio (rate [2020
April]/rate [2019 April]) and the respective confidence interval
(95% lower confidence interval, 95% upper confidence interval).
Percent change was calculated as (ratio-1) x 100. The lower and
upper limits of the confidence interval for percent change were
calculated as (95% upper confidence interval-1) x 100 and (95%
lower confidence interval-1) x 100, respectively (10). We used the
same formula to calculate decreases in annual incidence rate by
stage and cancer site.

Data and code used in this project cannot be directly shared by
authors. The data and statistical software used are publicly avail-
able through the National Cancer Institute’s SEER Program (6,9).

Results

Figure 1, A, shows monthly incidence rates for all cancers com-
bined from 2019 and 2020. Incidence rates for all cancer sites
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Figure 1. Monthly incidence rates for all cancer sites combined and by gender, age, race, poverty, and rural-urban continuum. 2019-2020. Surveillance,

Epidemiology, and End Results-22.
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combined started declining soon after the March 2020 stay-at-
home order was declared, reaching a nadir in April 2020, and
they continued to be low up until May 2020. Compared with April
2019, incidence rates dropped by 48% (95% confidence interval
[CI] = 47% to 49%) in April 2020: from 472.3 (April 2019) to 245.2
(April 2020). Incidence rates came back up in June 2020. After the
first decline in March 2020, however, incidence rates never
returned to prepandemic levels.

Stay-at-home orders were implemented around March across
most states in the United States. To assess their impact on cancer
incidence rates, we analyzed the reduction in incidence rates by
comparing April 2020 with April 2019, rather than calculating the
rate reduction for each month throughout the entire calendar
year. We observed consistent patterns in the decline of cancer
incidence rates in 2020 across sex, race and ethnicity, and age at
diagnosis (Figure 1, B-F, and Table 1). Our analysis revealed that
the incidence rate decreased statistically significantly more in
urban counties, with a decrease of 52% (95% CI = 51% to 53%)
compared with a relatively smaller decrease of 43% (95% CI =
40% to 47%) in rural counties. Also, the incidence rate decreased
statistically significantly more in more affluent counties, with a
drop of 51% (95% CI = 50% to 52%) compared with a relatively
smaller decrease of 44% (95% CI = 41% to 46%) in less affluent
counties. Furthermore, there was substantial variability in inci-
dence rates by registry location (Figure 2 and Table 1). Registries
located in the Northeast region of the country had the largest
decrease in cancer rates. For example, the largest decrease was
observed in New York (60%, 95% CI = 59% to 62%), and the small-
est decrease was observed in Utah (30%, 95% CI = 22% to 36%).

By cancer type (Figure 3 and Table 1), the data show statisti-
cally significant decreases in cancer incidence rates across all
types during the pandemic, with the largest decreases observed
in thyroid (71.2%, 95% CI = 68.3% to 73.9%), prostate (57.9%, 95%
CI = 56.3% to 59.4%), breast (54.9%, 95% CI = 53.2% to 56.5%),
and colon and rectum (54.1%, 95% CI = 51.9% to 56.2%) cancers.
Lung and bronchus, non-Hodgkin lymphoma, and urinary blad-
der cancers decreased by approximately 40%, while the smallest
decrease was seen in pancreatic cancer (24%, 95% CI = 18.9% to
28.8%).

Table 2 presents the percent change in age-adjusted rates of
cancer for different types and stages between 2019 and 2020.
Age-adjusted rates decreased consistently across all stages at
diagnosis, with the largest decline seen for in situ cases, followed
by cases diagnosed at localized and regional stages. This trend
was most notable for cancer types with early detection programs,
for example colorectal cancer, where the greatest decrease was
seen for the localized stage (17.8%, 95% CI = 16.2% to 19.4%), fol-
lowed by regional (8.4%, 95% CI = 6.7% to 10.1%) and distant
(6.2%, 95% CI = 3.9% to 8.4%) stages. Similarly, large decreases
were seen for early stage prostate (16.2%, 95% CI = 15.3% to
17.1%) and female breast (13.9%, 95% CI = 12.4% to 15.4%) can-
cers. For cancers diagnosed at a later stage, such as lung cancer,
the drop in age-adjusted rates was relatively small.

Discussion

The present study investigated the impact of the COVID-19 pan-
demic on cancer incidence rates in the United States. The results
showed that the incidence rates for all cancer sites combined
started declining in March 2020, coinciding with the implementa-
tion of various stay-at-home orders and guidance provided by
states and municipalities. These measures led to notable differ-
ences in observed rates in the New York and Utah regions. The

observed incidence rates reached a nadir in April 2020 and con-
tinued to be low until May 2020. Compared with April 2019, the
incidence rates declined by 48.1% in April 2020 and did not return
to prepandemic levels. The decline in cancer incidence rates was
consistent across sex, race and ethnicity, and age at diagnosis.

The study also found that the cancer incidence rate decreased
statistically significantly more in urban and more affluent coun-
ties compared with rural and less affluent counties. Urban and
more affluent counties generally have better access to health-
care facilities and services, including cancer screening and treat-
ment, than rural and less affluent counties (11). However, these
areas were heavily affected by the pandemic, leading to
restricted health-care access. Furthermore, a considerable num-
ber of individuals chose to defer or avoid nonurgent medical
appointments and procedures thereby contributing to the decline
in cancer incidence rates (12).

There was also substantial variability in incidence rates by
registry location, with registries located in the Northeast region
of the United States having the largest decreases in cancer rates.
New York State was one of the hardest-hit regions in the early
stages of the COVID-19 pandemic (13,14). The state implemented
strict stay-at-home orders and social distancing measures, which
led to a statistically significant disruption of the health-care sys-
tem (15). Hospitals were overwhelmed, and many non-COVID-
19-related services were halted to free up resources for COVID-
19 patients. This disruption of the health-care system likely led
to a decrease in cancer screenings and diagnoses. Many people
may have been hesitant to seek health-care services because of
fear of contracting COVID-19 or because health-care providers
were unable to provide routine care. Additionally, many health-
care facilities were forced to reduce their capacity to comply with
social distancing measures, which could have led to longer wait
times or appointment delays, further discouraging patients from
seeking cancer care. These factors may have contributed to the
larger decrease in cancer incidence rates observed in New York
and the registries located in the Northeast region of the country
(eg, Massachusetts and New Jersey) compared with other states,
during the pandemic’s early stages, whereas Utah had some of
the lowest changes in rates, possibly explained by Utah’s stay-at-
home orders extending to only parts of the state (15). Population
density could also have played a role, by putting more strain on
hospitals and non-COVID-19 medical services that were statisti-
cally significantly disrupted in a state like New York. Utah, with a
lower population density, could have experienced less strain on
its health-care system, resulting in a comparatively smaller dis-
ruption of cancer screening services and less impact on cancer
rates.

We also demonstrated that rates decreased dramatically for
screen-detected cancers between March and May 2020. This is
not surprising given that cancer screening rates decreased during
the pandemic (16,17). Although cancer rates rebounded after
dropping sharply, incidence rates neither fully rebounded nor
surpassed prepandemic levels. Given the large decrease in inci-
dence rates from March to May 2020, we would expect a compen-
sating surge in rates after May to catch up on diagnoses, but
there was no such surge through the end of the 2020 calendar
year. Unlike screen-detected cancers, thyroid cancer had the big-
gest decrease. The decline in thyroid cancer incidence may be
primarily attributed to opportunistic detection—where individu-
als seek general health care and undergo imaging tests for rea-
sons unrelated to cancer—revealing unexpected thyroid cancer
cases that are likely to be indolent.
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Table 1. Monthly rates in April 2019 (prepandemic) as compared with April 2020 (pandemic) for all cancers combined overall, by

demographic subgroups, and by cancer type

2019 April 2020 April Percent change?® (95% CI?)
All cancers combined 472.2 245.2 —48.1% (—47.4% to —48.7%)
Sex
Male 516.6 275.5 —46.7% (—45.7% to —47.6%)
Female 4421 223.3 —49.5% (—48.5% to —=50.4%)
Race and ethnicity
Hispanic 381.8 204.1 —46.5% (—44.6% to —48.4%)
Non-Hispanic Asian and Pacific Islander 338.3 216.7 —35.9% (-22.1% to —47.5%)
Non-Hispanic American Indian and Alaska Native 324.4 154.2 —52.5% (—49.8% to —54.9%)
Non-Hispanic Black 490.4 242.3 —50.6% (—48.6% to =52.5%)
Non-Hispanic White 505.0 263.9 —47.7% (—46.9% to —48.6%)
Age,y
0-19 212 14.0 —34.1% (~25.8% to —41.6%)
20-59 281.1 148.8 —47.1% (—45.8% to —48.3%)
60-69 1488.5 764.8 —48.6% (—47.4% to —49.8%)
70-79 2175.9 1089.5 —49.9% (—48.7% to —51.2%)
80 and older 2264.0 1192.6 —47.3% (—45.6% to —49.0%)
County-level poverty
Poverty <10% 478.9 237.7 —51.1% (-49.9% to —=52.3%)
Poverty 10%-19.99% 468.9 249.3 —47.3% (—46.4% to —48.1%)
Poverty >20% 468.3 247.0 —43.5% (-41.0% to —46.0%)
Urban-rural continuum
Nonmetropolitan, not adjacent to metropolitan 497.9 282.1 —43.3% (=39.7% to —46.8%)
Nonmetropolitan, adjacent to metropolitan 500.7 292.6 —41.6% (-38.8% to —44.2%)
Metropolitan, <250 000 population 497.7 290.0 —41.7% (-39.0% to —44.4%)
Metropolitan, 250000 to 1 million population 471.2 280.0 —40.6% (—38.8% to —42.3%)
Metropolitan, >1 million population 465.1 223.1 —52.0% (-51.2% to —=52.8%)
Registry
Atlanta, metropolitan 483.2 260.8 —46.0% (—41.1% to —50.5%)
California, excluding San Francisco, San Jose Monterey, Los Angeles 438.7 264.9 —39.6% (-37.5% to —41.7%)
Connecticut 478.4 218.2 —54.4% (-50.4% to —58.1%)
Greater Georgia 489.8 294.1 —40.0% (—36.4% to —43.3%)
Hawail 453.1 292.0 —35.6% (—26.9% to —43.2%)
Idaho 499.4 333.8 —33.2% (—25.5% to —40.1%)
Illinois 497.6 257.3 —48.3% (—46.0% to —=50.5%)
Iowa 549.9 321.3 —41.6% (-36.7% to —46.1%)
Kentucky 535.4 270.1 —49.5% (~45.9% to —53.0%)
Los Angeles 400.2 221.5 —44.7% (-41.5% to —47.6%)
Louisiana 512.4 2451 —52.2% (—48.5% to —55.6%)
Massachusetts 491.0 205.5 —58.1% (—55.4% to —60.7%)
New Jersey 516.3 208.2 —=59.7% (=57.4% to —61.8%)
New Mexico 411.3 246.7 —40.0% (—32.9% to —46.4%)
New York 515.4 205.0 —60.2% (=58.7% to =61.7%)
San Francisco-Oakland SMSA 426.6 211.9 —50.3% (—46.3% to —=54.1%)
San Jose-Monterey 429.3 228.7 —46.7% (—40.9% to —=52.1%)
Seattle, Puget Sound 497.5 265.3 —46.7% (—42.9% to —=50.2%)
Texas 439.3 252.8 —42.5% (—40.6% to —44.2%)
Utah 423.5 298.6 —29.5% (—22.3% to —36.1%)
Cancer types
Breast, female 137.3 61.9 —54.9% (=53.2% to —=56.5%)
Prostate 128.9 543 —57.9% (=56.3% to —59.4%)
Lung and bronchus 52.6 29.9 —43.1% (-41.0% to —45.1%)
Colon and rectum 38.6 17.7 —54.1% (-51.9% to —=56.2%)
Non-Hodgkin lymphoma 20.3 11.6 —42.9% (-39.3% to —46.3%)
Urinary bladder 19.8 11.4 —42.4% (-38.9% to —45.8%)
Thyroid 15.0 43 —71.2% (~68.3% to —73.9%)
Pancreas 14.2 10.8 —24.0% (—18.9% to —28.8%)
Esophagus 4.2 2.6 —-36.5% (=27.9% to —44.1%)

a

April 2020 compared with April 2019. CI = confidence interval.

Rates are per 100 000 population. We used Surveillance, Epidemiology, and End Results Program SEER*Stat estimates of ratio = [rate (2020)/rate (2019)] and
respective confidence interval (lower confidence interval, upper confidence interval). Percent change was calculated as (ratio-1) x 100. The lower and upper limits
of the confidence interval for percent change were calculated as (upper confidence interval-1) x 100 and (lower confidence interval-1) x 100, respectively.

The main strength of the study is the high-quality, popula-
tion-based cancer registry data representing approximately half
of the US population. The main limitation is the use of Vintage
2020 population based on the 2010 census as the denominator
for rate calculations, which may not represent the most up-to-
date population size for accurately reflecting the COVID-19 pan-
demic’s impact on population estimates. Although a Vintage

2022 dataset is available, it is not the population dataset that is
required to calculate SEER rates. The census creates a sex-, age-,
and county-level population dataset for the National Cancer
Institute that is race bridged (each individual is assigned a single
race based on a modeling effort). This race-bridged population is
usually available before each April release; however, this year
2023 there was a delay. Nonetheless, for a sensitivity analysis, we
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Table 2. Age-adjusted rates by stage at diagnosis and cancer type, Surveillance, Epidemiology, and End Results-22, 2019-2020

2019 age-adjusted rate

2020 age-adjusted rate Percent change® (95% CI)

Cancer type Stage at diagnosis
Female breast In situ 31.6
Localized 86.2
Regional 35.0
Distant 7.7
Prostate Localized 81.8
Regional 15.8
Distant 10.5
Colon and rectum Localized 12.9
Regional 13.3
Distant 8.2
Lung and bronchus Localized 13.9
Regional 10.1
Distant 22.6
Esophagus Localized 0.9
Regional 1.3
Distant 15
Pancreas Localized 23
Regional 3.6
Distant 6.4
Thyroid Localized 9.2
Regional 4.4
Distant 0.4
Urinary bladder In situ 8.7
Localized 6.5
Regional 1.2
Distant 1.0
Non-Hodgkin lymphoma Localized 4.8
Regional 2.5
Distant 9.6

27.2 ~13.9% (~12.4% to —15.4%)
76.1 ~11.7% (—10.8% to —12.6%)
32.0 —8.6% (~7.1% to —10.1%)
73 —4.2% (—0.9% to —7.4%)
68.5 ~16.2% (—15.3% to —17.1%)
135 —14.4% (—12.3% to —16.4%)
10.1 —4.2% (-1.2% to —7.1%)
106 —17.8% (—16.2% to —19.4%)
122 —8.4% (—6.7% t0 —10.1%)
7.7 —6.2% (—3.9% to —8.4%)
11.8 ~15.0% (—13.4% to —16.5%)
8.4 ~16.9% (—15.1% to —18.6%)
20.4 —9.9% (~8.6% to —11.2%)
0.8 ~15.3% (~9.1% to —21.0%)
1.2 —5.9% (~0.3% to —11.2%)
15 —2.5% (2.8% to —7.5%)
2.1 —6.5% (—2.2% to —10.6%)
3.4 —6.4% (=3.1% t0 —9.6%)
6.2 —2.7% (~0.1% to —5.2%)
76 ~17.2% (=15.1% to —19.1%)
35 ~19.3% (~16.3% to —22.1%)
03 —12.8% (—2.3% to —22.1%)
7.8 —9.9% (~7.8% to —11.9%)
6.1 —5.7% (=3.2% to -8.1%)
1.2 —3.3% (2.8% t0 —9.0%)
1.0 —2.7% (3.9% to —=9.0%)
4.4 ~10.2% (~7.4% to —13.0%)
23 —7.1% (~3.0% to —11.0%)
8.9 —7.3% (=5.3% to —9.3%)

a

2020 compared with 2019. CI = confidence interval.

obtained the Vintage 2021 (based on 2020 census) population
data to show the impact of using this population on rates as com-
pared with Vintage 2020 (based on 2010 census)—even though
the SEER Program is not planning to use the Vintage 2021 data
for rate calculations. In 2020, the Vintage 2021 population data
(derived from the 2020 census) shows a slight increase to
331511512 compared with the Vintage 2020 population of
329484 123 based on the 2010 census (ie, originally used in our
analysis). This difference of 2027 389 individuals represents 0.6%
of the total US population in the Vintage 2021 data. The popula-
tions by 5-year ages were similar between these vintages (data
not shown). Thus, we expect the impact of using Vintage 2021 to
be small; although some variability in rates could appear in
smaller geographic areas such as a single county, our analyses
do not show rates in such small geographic locations.

We did not adjust for seasonality or reporting delay in the
monthly rate calculations. Reporting delay accounts for cases
not yet reported by cancer registries. For all cancers combined,
reporting delay for cancer incidence tends to be small: approxi-
mately 3% of cases based on data from previous years (18). To
understand the delay in 2019 monthly rates, we analyzed the
current submission of SEER data to the previous submission. The
current submission included 2020 rates, whereas we anticipated
that the 2019 rates would be more complete based on the pre-
vious year’s submission than the current year. However, we
found that for 2019 rates, the overall delay was minor and clini-
cally insignificant between the current and previous year’s sub-
missions. Thus, even if we accounted for the delay in monthly
rates, it would not explain the clinically significant decrease in
incidence rates that we observed from March to May 2020.

Despite these limitations, this is the first study to analyze the
pandemic’s impact on monthly cancer incidence rates by a broad
range of factors.

The COVID-19 pandemic had a clinically significant impact on
cancer incidence rates in 2020. The reasons for the declines in
cancer incidence rates are not entirely clear, but potential factors
include delays in cancer screening and diagnosis because of
changes in health-care utilization. The changes in health-care
utilization during the pandemic can be attributed to 2 factors:
limitations on the health-care system’s capacity to provide can-
cer care and shifts in individuals’ behavior when seeking medical
attention. These results underscore the need for continued
efforts to monitor and mitigate the effects of the pandemic on
cancer prevention, diagnosis, and care, particularly for vulner-
able populations and regions. Further research is needed to
understand the long-term consequences of the pandemic on can-
cer incidence, shifts in stage at diagnosis, and mortality trends.
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