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Introduction: Health care procedures including cancer screen-
ing and diagnosis were interrupted due to the COVID-19 pandemic.
The extent of this impact on cancer care in the United States is not
fully understood. We investigated pathology report volume as a
reflection of trends in oncology services pre-pandemic and during
the pandemic.

Methods: Electronic pathology reports were obtained from
11 U.S. central cancer registries from NCI's SEER Program. The
reports were sorted by cancer site and document type using a
validated algorithm. Joinpoint regression was used to model
temporal trends from January 2018 to February 2020, project
expected counts from March 2020 to February 2021 and calculate
observed-to-expected ratios. Results were stratified by sex, age,
cancer site, and report type.

Introduction

As of November 8, 2022, almost 3 years after the first COVID-19
case diagnosed in the United States, over 97.6 million Americans had
been diagnosed with COVID-19 and over 1 million people had died
(https://covid.cdc.gov/covid-data-tracker). In March 2020, states
began implementing closures and restrictions (1), which likely had
a profound, unprecedented impact on healthcare system access and
utilization, including cancer care in the United States (2, 3). Individuals
with compromised immune systems were at high risk for severe
COVID-19 illness and were recommended to shelter in place (4-6).
Several professional public health and cancer organizations recom-
mended that non-emergent patient visits, including cancer screenings,
be paused (7-9). Surgical interventions were delayed and treatment
protocols were adjusted to redirect limited healthcare resources, such
as personal protective equipment and personnel, from cancer services
to pandemic response (3, 5, 10). As a result, there were interruptions in
cancer screenings and treatment, that may have delayed diagnosis and
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Results: During the first 3 months of the pandemic, pathology
report volume decreased by 25.5% and 17.4% for biopsy and surgery
reports, respectively. The 12-month O/E ratio (March 2020-February
2021) was lowest for women (O/E 0.90) and patients 65 years and
older (O/E 0.91) and lower for cancers with screening (melanoma
skin, O/E 0.86; breast, O/E 0.88; lung O/E 0.89, prostate, O/E 0.90;
colorectal, O/E 0.91) when compared with all other cancers combined.

Conclusions: These findings indicate a decrease in cancer diag-
nosis, likely due to the COVID-19 pandemic. This decrease in the
number of pathology reports may result in a stage shift causing a
subsequent longer-term impact on survival patterns.

Impact: Investigation on the longer-term impact of the pan-
demic on pathology services is vital to understand if cancer care
delivery levels continue to be affected.

resulted in more advanced stages at diagnosis, worse clinical outcomes,
and a downstream impact on survival (11-15). The longer these
changes in cancer care delivery persist, the greater the likelihood they
could have a substantial negative impact on the decades of progress in
decreasing cancer mortality (16).

It is well documented that the pandemic led to decreases in cancer
screening (9, 14, 17-19), diagnosis (8,12, 15,20-23), treatment (15, 24),
and patient encounters (25). However, not enough is known about the
magnitude and duration of its impact on cancer outcomes and this is
reflected in the lack of published data reported by U.S. cancer
surveillance systems (26). This study leveraged the National Cancer
Institute Surveillance, Epidemiology, and End Results (SEER) Pro-
gram’s near real-time pathology reporting to monitor changes in
pathology report volume as a measure of shifts in oncology-related
diagnostic procedures (e.g., biopsies) or definitive surgical treatment
(e.g., resections). These changes in report volume are a direct reflection
of the number of new cancer cases diagnosed. Results are based on
SEER pathology report volume across 11 U.S. geographic areas and are
stratified by pathology report type and by five major cancer sites
[colon/rectum, female breast, lung, melanoma skin (melanoma), and
prostate] from January 2018 to December 2021.

Materials and Methods

Selection criteria

Central cancer registries participating in the SEER Program receive
electronic pathology reports in near real-time. Reporting requirements
vary by jurisdiction but did not change during the COVID-19 pan-
demic. Non-reportable tumors or noncancer diagnosis were filtered
out with the remaining reports being automatically matched against
the registry database and coded for basic registration elements such as
tumor site, laterality, histology, and behavior. Electronic pathology
reports for 11 population-based cancer registries (CT, GA, HI, IA, KY,
LA, NJ, NM, NY, SEA, UT) received between January 2018 and
December 2021 were included in this study (N = 3,185,808). All
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pathology reports had complete information on sex, age, cancer site,
and report type. Pathology reports were excluded due to inconsistent
reporting (N = 1,071,212), incomplete, invalid information or male
breast cancer report (N = 20,833) and/or variability in report volume
(N = 200,699). Consistent reporting was defined as facilities that
reported at least one pathology report per month across the entire
study period. Male breast cancer reports were excluded due to its
different clinical presentation (i.e. unlikely to be screen-detected) and
small number of reports. Variability in report volume was defined as an
increase of 95% or greater in report volume from 2018 to 2019 for a
given facility. These exclusions were implemented to restrict the
analysis to facilities that were consistently reporting and to reduce
the impact of factors unrelated to the COVID-19 pandemic, such as
facility closures or mergers, on pathology report volume.

Data processing

Pathology reports were processed via a deep learning Natural
Language Processing (NLP) algorithm developed in collaboration
with Oak Ridge National Laboratory under the Department of Energy
Laboratories National Cancer Institute Collaboration. This algorithm
was implemented as an application programming interface (API) that
classified reports by the site and histology of primary tumor (female
breast, lung, colon/rectum, melanoma, and prostate; ref. 27). A second
API was developed that classified reports by report type including:
biopsy, cytology, molecular and biomarker, surgical resection, and
other. The “Other” category includes blood/bone marrow/flow cyto-
metry, autopsy, and none previously mentioned. Pathology report
types differ based on the type of tissue specimen that was removed,
extraction method, and quantity removed. Not all reports include the
same amount of information.

Statistical analysis and modeling

To compare pre-pandemic and pandemic pathology report volume,
biweekly pathology report volume frequencies were compared for two
periods: pre-pandemic and pandemic. The average of the sum of
pathology reports during March, April, and May of 2018 and 2019
(pre-pandemic) were compared with the sum of pathology reports
during March, April, and May of 2020 (pandemic) for all cancer sites
combined by sex, age, and report type. The change in counts for pre-
pandemic reports (based on 12 biweekly data points) versus pandemic
reports (based on 6 biweekly data points) was tested for significance
using ¢ test with unequal variance.

To calculate the expected number of pathology reports, a Joinpoint
regression model (v4.9.1.0; https://surveillance.cancer.gov/joinpoint/)
was used to model temporal trends from January 2018 to February
2020, for a total of 26 months, and the model was then extended to
project the pathology report volume. The Joinpoint regression model,
developed by the National Cancer Institute, has been widely used to
analyze and identify cancer trend changes. The model is composed of
piecewise linear segments joined by change points. The pathology
report volume was recorded at the middle of the month and on the last
day of each month. The Joinpoint model was applied to the 26 months
of data, assuming a log-linear model with Poisson count. Because the
model is in log-scale, the slope of a segment corresponds to monthly
percent change in the pathology report volume in that segment. The
slope of the last segment was used to project the expected pathology
report volume for the next 12 months (March 2020-February 2021)
during the pandemic. The model was fitted using the default setting of
the Joinpoint software. The data was also refitted using the Joinpoint
model with first-order autocorrelation and results were close to that
from the model without incorporating auto-correlation.
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We calculated and adjusted the expected counts for the difference in
the number of days in each calendar month. We further calculated the
observed to expected ratio by month and stratified by sex, age, cancer
site, and report type. The standard errors for the ratios were obtained
by the delta method (28), which was used to determine the P value and
95% confidence interval for each O/E ratio.

Data availability

The raw data for this study are not routinely collected by NCI SEER
because pathology reports contain personally identifiable information.
The data could be made available upon written request to each
participating SEER cancer registry and their approval.

Results

Figure 1 shows the monthly trends for pathology results received
from January 2018 to December 2021. Pathology report volume was
similar in January and February for all 3 years (2018-2020) represent-
ing a pre-pandemic baseline, ranging from 59,570 to 69,833 reports.
The lowest report volume occurred in April and May 2020 (41,960 and
48,425, respectively) compared with all other months in the study
period. Pathology report volume dropped by 32.8% from March 2020
to April 2020. The largest number of pathology reports (75,000) was in
March 2021. Pathology report volume in 2020 was also compared with
the volume of COVID-19 cases by geographic region and month. This
is provided in Supplementary Fig. SI.

The average of the sum of pathology reports during March to
May of 2018 and 2019 (pre-pandemic period) was compared with
the sum of pathology reports during March to May 2020 (pandemic
period). For all cancer sites combined, the comparisons showed a
significant decrease in report volume among males, females, every
age group, and every report type (Table 1). The decrease was
slightly larger among females (—24.9%) than males (—21.2%). The
decrease was similar across age categories but slightly larger among
the oldest age category, ranging from 21.5% among patients 65 to
74 years of age to 25.5% among patients 75 years of age or older. The
decrease in pathology report volume varied by report type between
the pandemic and pre-pandemic periods, with biopsy and cytology
reports for all cancer sites combined decreasing by 25.5% and
25.7%, respectively. In comparison, surgical pathology reports
decreased by only 17.4% (Table 1). Additional data by cancer site
are provided in Supplementary Table S1.

Figure 2 shows results of the Joinpoint model for all cancer
sites combined before (January 2018-February 2020) and during
(March 2020-February 2021) the pandemic. The blue and red data
points around the horizontal line indicate the observed biweekly
frequency of electronic pathology reports before and during the
pandemic, respectively. The solid portion of the horizontal line
shows the fitted pathology report counts before the pandemic while
the dashed portion to the right of the vertical line shows the
expected values of electronic pathology reports in the absence of
the pandemic. The expected volume of pathology reports based on
the solid and dotted lines shows a consistently increasing trend
across the period. However, the observed volumes are inconsistent
with the expected trend, especially during the first 3 months of the
pandemic (March-May 2020).

Results from the Joinpoint model were used to calculate the
observed to expected ratios of the pathology report volume during
the pandemic from March 2020 to February 2021 (Table 2). An O/E
ratio equal to 1 implies that the observed count does not differ from the
expected based on data from previous years. An O/E ratio less than 1
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Figure 1.
Monthly electronic pathology report volume, January 2018 to December 2021 (11 SEER Registries, >3 million reports).

implies that there were fewer observed than expected counts. For  prostate cancers (0.72 for each), whereas the highest ratio (4.44) was
biopsies and surgical resections, the observed to expected ratios of  for molecular/biomarker reports for prostate cancer.

pathology reports were less than 1 for both sexes, all ages, and each of As shown in Fig. 3, the O/E ratios by cancer site demonstrate
the five cancer sites (P < 0.05). However, the observed to expected  pattern variation for both the magnitude of the decline and the
ratios were greater than 1 (P < 0.05) for: cytology reports for colon/  subsequent increase to approach expected over time. The O/E ratios
rectum; molecular/biomarker reports for colorectal, lung, melanoma,  for each of the five cancer sites decreased starting in the second half
and prostate cancers; and “other” types of reports for melanoma. of March 2020, except for female breast cancer reports, whose
Observed to expected ratios of biopsy, surgical, cytology, and molec-  decrease did not begin until April 2020. During the latter half of
ular/biomarker reports were similar across age groups and sexes. The ~ March 2020, melanoma had the lowest O/E ratio (0.4) of any of the
lowest ratio observed was for “other” pathology reports for lung and  five cancer sites, whereas lung cancer maintained the highest O/E

Table 1. Pre-pandemic vs. pandemic pathology report volume in 11 SEER registries, all cancer sites combined.

Characteristic Level Pre-pandemic count Pandemic count % Change 95% CI

Sex Male 84,779 66,813 -212 —-20.9 to —-21.5
Female 14,483 86,019 -24.9 —24.6 to —25.1

Age (years) <50 34,443 26,646 —22.6 —22.2to —23.1
50-64 66,174 50,405 —23.8 —235t0 —24.2
65-74 57,827 45,385 -215 —212 to —21.9
>75 40,818 30,396 —25.5 —251to —25.8

Report type Biopsy 112,152 83,552 —-255 —25.2to —25.8
Surgery 37,094 30,645 -17.4 —17.0 to -17.8
Cytology 21,541 16,006 —25.7 —25.1t0 —26.3
Mol/Bio 5,873 4,400 —251 —24.0 to —26.2
Other® 22,604 18,229 -19.4 —18.8 to —19.9

Note: Pre-pandemic is defined as the average of the sum of pathology reports during March, April, and May of 2018 and 2019 (pre-pandemic). Pandemic is defined as
the sum of pathology reports during March, April, and May of 2020.
@0ther report type includes blood/bone marrow/flow cytometry, autopsy, and none of the above.
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Figure 2.

Date

Observed and modeled volume of bi-monthly electronic pathology report for all cancer sites combined, January 2018 to February 2021 from 11 SEER registries
(>3 million reports). This figure shows the observed counts based on more than 3 million pathology reports from 11 registries, as well as the projected counts, for all
cancer sites combined. The solid-line, representing the fitted model, passes through the observed data with symmetric residuals. The dash-line is the projection count.

Each month has two data points.

ratio (0.7). The return to the expected, or baseline, was delayed
for breast and prostate cancers; they did not return to the expected
until October 2020. A small “rebound” (O/E > 1) was observed
in September and October 2020, mainly for colorectal (1.07), breast
(1.09) and “All Other” cancers (1.1). A second period of moderate
reduction in monthly O/E was observed starting in late December
2020.

Discussion

This is the first study to report on changes in the volume of
pathology reports on a geographically defined population basis during
the first 2 calendar years of the COVID-19 pandemic (2020-2021) in
the United States. Our investigation provides evidence of disruptions
in cancer diagnosis, staging, and surgical oncology services when stay

Table 2. Observed (March 2020-February 2021) vs. expected (March 2020-February 2021) pathology report volume in 11 SEER

registries (*P < 0.05).

Biopsy Surgical Cytology Molecular/biomarkers Other® Total

Observed O/E  Observed O/E  Observed O/E  Observed O/E Observed O/E  Observed O/E

Sex Male 173,341 0.93* 52,346 0.89* 37,346 0.97* 6,564 1.07* 46,821 0.99 316,418 0.94*
Female 243,046 0.89* 84,516 0.89* 40,518 0.96* 14,677 1.01 39,912 0.92* 422,669 0.90*

Age (Yrs.) <50 62,712 0.92* 26,985 0.89* 11,935 0.92* 426 1.05* 17,165 0.96* 122,923 0.93*
50-64 135,240  0.91* 48,469 0.89* 23,294 0.99 7,050 1.09* 25,024 0.95* 239,077 0.92*

65-74 127,446  0.90* 39,174 0.89* 23,052 0.97* 5,869 0.98 25,402 0.98 220,943 0.91*

>75 90,989 0.90* 22,234 0.90* 19,583 0.94* 4,196 0.97 19,142 0.92* 156,144 0.91

Primary Site Colorectal 28,740 0.89* 22,307 0.92* 1,427 115 1,809 1.10* 414 0.86* 54,697 0.91*
Female breast 120,974  0.88* 31,024 0.89* 5,063 0.96 8,228 1.01 6,484 0.82* 171,773 0.88*

Lung 38,321 0.87* 9,425 0.80* 23,838 0.95 2,996 1.26* 634 0.72* 75,214 0.89*

Melanoma 41,327 0.85* 807 0.99 885 0.94 193 1.36* 286 2.38* 43,498 0.86*

Prostate 40,044 0.90* 10,536 0.87* 359 0.95 191 4.44* 242 0.72* 51,372 0.90*

All others® 146,981 0.96* 62,763 0.90* 46,292 0.96* 7,824 1.02 78,673 0.98* 342,533  0.95*

aAll other cancer sites reportable to cancer registries

POther report type includes blood/bone marrow/flow cytometry, autopsy, and none of the above

1594 Cancer Epidemiol Biomarkers Prev; 32(11) November 2023
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Figure 3.

Observed to expected ratio, by cancer site (A, colorectal; B, female breast; C, lung; D, melanoma skin; E, prostate; F, all other cancer sites), month and year of
diagnosis. The observed 2020 count was compared to the expected count by ratio (O/E ratio) from March 2020 to February 2021. The SE for the ratio was obtained by
the delta method, which was used to determine the P value and 95% confidence interval for each O/E ratio. Horizontal solid line depicts an O/E ratio of 1.

at home orders and changes in clinical guidelines were enacted
throughout the United States at the start of the pandemic in March
2020. As anticipated with the changes in guidelines from the American
Society of Clinical Oncology (29) and the American College of
Surgeons (30), the number of pathology reports decreased overall and
by cancer site. Although there was some rebound or catch-up, the
pathology report volume has yet to achieve the expected volume based
on modeled trends.

In examining changes in electronic pathology report volume by
month, the lowest observed volume occurred in April 2020 (41,960)
whereas the highest observed volume occurred in March 2021
(74,564; Fig. 1). The increase during this period suggests a potential
rebound or “catch up” in cancer-related procedures to compensate for
the prior observed deficit early in the pandemic. In addition to the
pathology report volume, we examined the ratio of the observed to
expected longitudinal trends across the study period (Fig. 3). The O/E
ratio began to return to pre-pandemic levels (O/E > 1.0) in July 2020,
with the exception of breast and prostate cancers, where the increase in
ratio was delayed until October. When we compared the volume of
pathology reports with COVID-19 case counts for six SEER registries,
we observed a sharp decline in pathology reports in the Spring of 2020
but not in the Summer or Fall (SF1). On the other hand, SF1 showed
COVID-19 case surges differ slightly temporally when stratified

AACRJournals.org

geographically. The first wave of COVID-19 cases occurred in April
0£2020 in the Northeast region and July of 2020 in the Southern region.
The largest increase in COVID-19 cases occurred in the Fall of 2020 for
both regions whereas pathology report volume remained relatively
consistent during this time. These suggest that the decline in pathology
reports in April 2020 are likely due to when recommendations from
health organizations and governmental agencies were released (29, 30).
It was suggested all elective surgeries and nonmedical procedures such
as cancer screenings be suspended due to the COVID-19 outbreak.
Stay at home orders may have also contributed to the decline in
pathology reports with patients canceling or rescheduling in-person
medical visits (31).

During the first 3 months of the pandemic, the observed reduction
in biopsy services was similar to the observed reduction in cytology and
molecular testing but larger than the observed reduction in surgical
pathology services. This likely reflects continuation of scheduled
surgical procedures related to definitive treatment as opposed to
diagnostic procedures resulting from cancer screening (Table 1).
Detailed percent changes by cancer site are shown in Supplementary
Table SI.

This study leveraged statistical models to generate expected pathol-
ogy report volumes in the absence of the pandemic. These expected
volumes provide the longitudinal perspective of cancer care services

Cancer Epidemiol Biomarkers Prev; 32(11) November 2023
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(Fig. 3; Table 2), allowing us to examine the O/E ratios across the
12-month periods. We found that overall, among males, the reduction
in surgical pathology reports was greater than the reduction in biopsy
reports, and there was no difference among females (Table 2). This
observation may be attributable to a decrease in the number of
biopsies, resulting in fewer diagnosed cases and therefore fewer cases
recommended for surgical oncology services. Alternatively, this find-
ing could be explained by delays in surgery scheduling or by changes in
treatment modalities from surgery to radiation and/or systemic
therapy.

During the pandemic period, we observed more molecular reports
than expected on a 12-month basis (Table 2). This may have been
driven by the increase in utilization of prognostic scores for prostate,
lung, and melanoma cancers. The penetrance of molecular testing
appeared to slow for a short period in early 2022 but to rebound
forcefully in late 2022 (32, 33).

The indirect impact of the pandemic is extensive and is observed
from March 2020 to February 2021, through a lower-than-expected
pathology report volume. With O/E ratios below 1 across sex and age
groups, there is evidence that all demographic groups were impacted
by the pandemic and experienced fewer than expected cancer diag-
nostic and definitive surgical procedures for all cancer sites examined.
A previous study similarly found a 10% decline in pathology report
volume in Georgia and Louisiana in 2020, indicating a decrease in
cancer diagnoses and surgical treatment as a result of the pandem-
ic (26). There was a higher impact among women which is clearly
shown when the absolute number of pathology reports are compared
3 months pre-pandemic versus 3 months post-pandemic (—21.2%
female, —24.9% male). The analysis of O/E ratios shows the differential
impact by sex was more severe in relation to biopsy procedures (0.89
female, 0.93 male) and was not observed for surgical procedures (0.89
female; 0.89 male). There is no strong evidence for gender-related
differences in the rate of initial colorectal screening between males and
females (34). However, based on pre-pandemic data more women are
eligible and undergo cancer screening for breast, cervical, and/or
colorectal cancer than eligible men for colorectal cancer (35). Thus,
recommendations to temporarily suspend screening coupled with the
population proportion eligible for screening could explain the gender-
related differential impact, we report in this analysis of biopsy pathol-
ogy reports.

Figure 3 illustrates that the observed to expected ratios between
March 2020 and May or June 2020 decreased across all cancer sites at
the start of the pandemic and were lowest in April 2020. O/E ratios
were the lowest for melanoma and prostate cancer in April 2020,
demonstrating a differential impact of the pandemic according to
cancer site. Similarly, Chen and colleagues reported a cancer screening
deficit for breast, colorectal, and prostate cancer in the United States
between March and May 2020 based on their analysis of administrative
claims data and enrollment information covering approximately
60 million people (17).

The correlation between when stay at home orders and changes in
clinical guidelines were put in place and when a decrease in pathology
report volume was observed, particularly among screen-detected
cancers, suggests that this disruption had a larger effect in cancers
with screening. Using modeling validated by the Cancer Intervention
and Surveillance Modeling Network, Alagoz and colleagues predicted
that COVID-19-related disruptions in cancer care will have a long-
term cumulative impact on cancer mortality (36). However, some
authors reported that changes in cancer care experienced in the first
2 months of the pandemic did not persist, and this might attenuate the
effect of screening deficits on survival and mortality (37). We found

1596 Cancer Epidemiol Biomarkers Prev; 32(11) November 2023

that the decrease in the number of pathology reports persisted when we
consider the first 12 months of the pandemic. If this deficit is indeed
associated with a stage shift, it could result in a subsequent longer-term
impact on survival patterns.

Results similar to ours have been reported using other national
pathology databases and cancer registries. Van Velthuysen and col-
leagues used data reported to the Netherlands nationwide database of
pathology reports to study the impact of the COVID-19 pandemic on
diagnostic pathology (38). The investigators reported that the number
of skin histologic examinations dropped more than examinations of
any other organ during the governmental-ordered lockdowns against
the coronavirus. Other authors hypothesized that shifting available
resources toward managing COVID patients led to a significant
diagnostic delay in patients with melanoma (39). Likewise, among
the five cancer sites we examined, we found the largest drop among
skin melanomas. In addition, van Velthuysen and colleagues reported
that for cancers in general, biopsies dropped more severely than
surgical resections (38). Our data support these findings only partially:
indeed, we observed a larger drop for two cancer sites with screening
recommendations (breast and colorectal) and for skin melanoma, but
not for cancers with cytologic diagnosis (lung) or for cancers with
equally effective alternative treatments to surgery (i.e., prostate can-
cer). Additional evidence that screen detected cancers, in particular
breast cancer, were affected more severely than nonscreen detected
cancer has been provided by Eijkelboom and colleagues using data
from the Netherlands Cancer Registry (40). Our results come to
support these findings, given that the drop of pathology reports in
the “All Other” category was smaller than in any other demographic or
cancer-sited based group.

This study has several strengths and builds upon a study by Yabroff
and colleagues (26). Our paper expands on the Yabroff and colleagues
study by covering a larger proportion (20.6% vs. 4.6%) of the U.S.
population, by representing more diverse populations (both rural
and urban), over a longer observation period and by analyzing over
3 million electronic pathology reports (vs. less than 560,000 in Yabroff
and colleagues). This study also assessed pathology report volume
changes by report type rather than overall total report volume. This
assessment by report type and cancer site enabled us to evaluate
cancers likely to be diagnosed by screening (breast, colorectal, and
prostate) versus those diagnosed more typically through symptoms
(lung and melanoma). The patterns noted for breast, colorectal, and
prostate cancers were different from those observed for lung cancer
and melanoma, with the latter showing smaller O/E ratios for biopsies
and a more rapid return to the expected baseline.

Electronic pathology reports are submitted to cancer registries in
near real-time and thus the reports can serve as a strong proxy for
cancer diagnosis and surgical treatment. They are also a timelier proxy
than hospital cancer abstracts, which are typically delayed. These real-
time data specifically enabled us to evaluate whether the pandemic’s
impact differed by demographic characteristics and cancer site as the
COVID-19 pandemic evolved. Because of the delays in cancer inci-
dence reporting, a long-term analysis using cancer diagnosis reports
only would have not been possible.

This study also has limitations. Our investigation included only 11
cancer registration jurisdictions in the United States, which covers
approximately 20% of the U.S. population in 2020. The epidemic has
consisted of several waves and not all regions of the country have
experienced high rates of COVID-19 infections simultaneously. Fur-
thermore, recommendations to delay screening and elective surgery
have not been implemented consistently in all U.S. jurisdictions.
Therefore, our findings might not apply for every jurisdiction.
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Moreover, the number of pathology reports per case has historically
varied by primary cancer site, for example more reports are typically
available per breast cancer case than for a prostate cancer case. Thus,
the patterns we report might be more representative of cancers with
multiple biopsies and surgical treatments, procedures that are, in turn,
more likely to generate pathology reports. Although this study demon-
strates the ability to use existing tools and methods to provide near
real-time assessment of the impact of the pandemic on cancer diag-
nosis, a limitation related to that real-time assessment is the inability to
evaluate long-term outcomes that may be a result of the decrease in
cancer diagnoses.

This study highlights the ability of surveillance systems such as the
NCT’s SEER Program to quickly adapt and leverage routine data
collection from real-world data sources, such as electronic pathology
reports, to assess the potential impact of acute public health emer-
gencies. Moreover, this study highlights how population-based cancer
surveillance systems provide the framework for data collection and
analysis to investigate how changes in oncology care guidelines may
affect quality of care and long-term cancer outcomes.

Although the SEER Program focuses on tracking population-level
cancer trends across the United States, this study demonstrates its
broader capabilities. It will be important to continue investigating the
longer-term impact of the pandemic on oncology services at a time
when professionals might expect to see a return to pre-pandemic
cancer care delivery levels. In addition, it will be important to
understand which populations and cancer sites might be experiencing
more severe long-term impacts in oncology services as a result of the
pandemic.
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