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abstract

PURPOSEWhile there are studies under way to characterize the direct effects of the COVID-19 pandemic on the
care of patients with cancer, there have been few quantitative reports of the impact that efforts to control the
pandemic have had on the normal course of cancer diagnosis and treatment encounters.

METHODS We used the TriNetX platform to analyze 20 health care institutions that have relevant, up-to-date
encounter data. Using this COVID and Cancer Research Network (CCRN), we compared cancer cohorts
identified by querying encounter data pre-COVID (January 2019-April 2019) and current (January 2020-April
2020). Cohorts were generated for all patients with neoplasms (malignant, benign, in situ, and of unspecified
behavior), with new incidence neoplasms (first encounter), with exclusively malignant neoplasms, and with new
incidence malignant neoplasms. Data from a UK institution were similarly analyzed. Additional analyses were
performed on patients with selected cancers, as well as on those having had cancer screening.

RESULTS Clear trends were identified that suggest a significant decline in all current cohorts explored, with April
2020 displaying the largest decrease in the number of patients with cancer having encounters. Of the cancer
types analyzed, lung, colorectal, and hematologic cancer cohorts exhibited smaller decreases in size in April
2020 versus 2019 (−39.1%, −39.9%, −39.1%, respectively) compared with cohort size decreases for breast
cancer, prostate cancer, and melanoma (−47.7%, −49.1%, −51.8%, respectively). In addition, cancer
screenings declined drastically, with breast cancer screenings dropping by −89.2% and colorectal cancer
screenings by −84.5%.

CONCLUSION Trends seen in the CCRN clearly suggest a significant decrease in all cancer-related patient
encounters as a result of the pandemic. The steep decreases in cancer screening and patients with a new
incidence of cancer suggest the possibility of a future increase in patients with later-stage cancer being seen
initially as well as an increased demand for cancer screening procedures as delayed tests are rescheduled.
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INTRODUCTION

Since the emergence of COVID-19, steps taken to
mitigate the spread of the virus have affected almost
everyone. This is certainly the case for patients di-
agnosed with cancer. There are a number of key efforts
under way to gather data on the pandemic’s effect on
patients with cancer, including the COVID-19 and
Cancer Consortium1-4 and the ASCO Survey on COVID-
19 in Oncology5 registries. Anecdotal reports, such as
a Boston Globe article,6 have described local drops in
cancer screening tests, such as mammography and
colonoscopy, either because of patient reluctance
to appear at clinics for these services or providers
postponing the availability of such services. However,
there have been few studies to quantify the immediate
impact COVID-19 has had on deviation from normal
cancer care activities, including cancer screening
efforts.

This article contributes metrics on patients who have
had cancer-related encounters in the early days of the
COVID-19 pandemic in the United States. We were
able to leverage an existing health research network
platform (TriNetX; Cambridge, MA)7 to analyze data
from 20 different provider institutions across the
United States that represent. 28 million patients and
that have immediate data on relevant patient en-
counters. We focused on patients seen at these health
care organizations (HCOs) with diagnostic codes for
malignant, benign, in situ, and unspecified neoplasms
(International Classification of Diseases, Tenth Re-
vision [ICD-10], codes C00-D49). We looked at the
number of these patients having encounters for March
2020 and April 2020 compared with the same months
in 2019. We also focused on the subset of these
patients with malignant neoplasm diagnoses (ICD-10
codes C00-C96, D37-D49). We also obtained the
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number of these patients (all with neoplasms and malig-
nancies only) being seen for the first time at these in-
stitutions possibly for screening, initial diagnosis, second
opinion, or treatment initiation. Finally, patient metrics for
site-specific malignancies were analyzed (lung, breast,
prostate, colorectal, and hematologic cancers and mela-
noma). Furthermore, we considered the data from an HCO
in the United Kingdom to initiate exploration of the global
applicability of the trends we observed for our US network.

METHODS

COVID and Cancer Research Network Creation

Data for this study were obtained from a subset of HCOs
that are members of the TriNetX Research Network.
TriNetX7 is a global federated health research network that
provides access to aggregate data from electronic medical
records (EMRs), including demographics, diagnoses,
procedures, medications, laboratory testing, vital signs,
and genomic information. The network consists of aca-
demic medical centers, community hospitals, and phy-
sician practices. The COVID and Cancer Research
Network (CCRN) subnet was formed of HCOs that have
immediate, relevant data (ie, reliable, comprehensive data)
on the diagnoses of patients with encounters at the or-
ganization for the period January 1, 2019, through
April 30, 2020. This primarily means that the HCO had
established data acquisition for the TriNetX platform as of
January 1, 2019, and had refreshed these data so that
encounters through April 30, 2020, would be included.
This resulted in a study network of 20 different institutions
across the United States, representing . 28 million pa-
tients. Separately, data from University Hospitals Ply-
mouth NHS Trust, a UK HCO member of the TriNetX
network, were also accessed to provide an indication of
the trends being studied at a non-US HCO. As with all real-
world health data, revisions are always possible in ensuing
months, although major changes that would affect clear
trends would not be expected.

Cohort Definitions

Two main categories of patients were studied: those with
HCO encounters who had diagnostic ICD-10 codes for
neoplasms (C00-D49) and those who had diagnostic ICD-10
codes for the subset of malignant neoplasms (C00-C96, D37-
D49). The first category includes benign, in situ, and un-
specified neoplasms along with malignant neoplasms. The
second category is only patients with encounters related to
malignant neoplasms. For each of the 2 main categories, a
subgroup of patients with no previous encounter with the HCO
related to the indicated diagnosis (defined as new incidence
encounters) was added. These patients with new incidence
disease may have been seen at the HCO for screening, initial
diagnosis, second opinion, or treatment initiation. While it is of
interest to interrogate newly diagnosed patients, such desig-
nation is required by the HCO’s tumor registry, which can
distinguish between patients initially diagnosed at the institution
versus those previously diagnosed elsewhere.

Additional subgroups of these main groups were formed
around specific malignant cancer diagnoses (ICD-10),
including breast (C50), lung (C34), prostate (C61), co-
lorectal (C18-21), hematologic (C81-96), and melanoma
(C43). Additional patient cohorts were defined for patients
having undergone cancer screening procedures, including
mammograms (ICD-10 codes R92.0-R92.2, Z12.31;
Current Procedural Terminology [CPT] codes 77067,
1029705) and colorectal cancer screening (ICD-10 code
Z12.11; CPT codes 1022231, 1007534, 1020217).

Cohort Comparison and Analysis

For all groups, patient cohort sizes were obtained by
constructing TriNetX platform queries with the appropriate
diagnosis (ICD-10), procedure (ICD-10, CPT), and date
constraints (eg, April 1, 2020, through April 30, 2020, for
the month of April 2020). The platform then returns patient
cohort data for these queries. Patients found to satisfy
a query in multiple instances (eg, multiple encounters in
the time period) were counted only once. Percent change

CONTEXT
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This study quantifies the effects that the COVID-19 pandemic has had on current and prospective patients with cancer by
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between each month was calculated by subtracting the
patient count in 2019 from the same month in 2020 and
dividing by the total patient count from 2019.

RESULTS

Network Characteristics

The CCRN comprises data from 20 distinct institutions
across the United States, representing data from . 28
million patients. The institutions included were selected
after verifying data quality and continuity across 2019 and
2020 to reduce potential artifacts that arise from differ-
ences in data coverage. The mean age of patients included
in the CCRN was 41 years, with a slightly higher proportion
of patients in the network being female (53% v 47%;
Fig 1A). Geographically, the CCRN is represented by sites
from across the United States, with 43% of patients seen at
institutions in the South, 22% in the Midwest, 18% in the
Northeast, and 17% in the West (Fig 1B).

Incidence of Patients With Neoplasms

To quantify the effects of COVID-19 mitigation policies on
the cancer population, the CCRN was queried for all pa-
tients with a neoplasm-related ICD-10 diagnostic code
(C00-D49). Cohorts were generated by month, using
January 2019 through April 2019 and the same months in
2020 to account for natural seasonal differences in patient
presentation, with January representing a pre-COVID base-
line. As shown in Figure 2A, the number of patients identified
in January 2020 declined slightly compared with January
2019, decreasing by −2.7% (187,443 to 182,312). Similarly,
February 2020 declined by −5.0% (176,358 to 167,543)
compared with February 2019. Patients with cancer identi-
fied in March 2020 versus March 2019 decreased by
−24.7% (185,817 to 139,983), and by April, the reduction in
patients was −56.9% (202,228 to 87,189). To compare
these trends with a health care institution outside the United
States, site-specific data from University Hospitals Plymouth
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FIG 1. COVID and Cancer Research Network descriptive statistics and demographics. (A) Distribution of patient age
and sex within the network. (B) Geographic distribution split into Northeast, Midwest, South, and West. Network
statistics represent the distribution in sizes of individual institutions included in the network.
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NHS Trust in the United Kingdom were used. Unlike the
CCRN, patients with cancer seen increased in January
2020 and February 2020 compared with 2019 (by
5.9% and 6.2%, respectively; Fig 2B). However, March
2020 and April 2020 exhibited marked decreases in
cancer-related patient encounters, with declines of
−12.0% (1,830 to 1,610) and −49.4% (1,800 to 910),
respectively. Taken together, these data show a striking
reduction in the number of cancer-related patient en-
counters as the measures to contain the COVID-19 pan-
demic progressed and suggest that these trends are not
specific to institutions in the United States.

To determine potential changes in cancer screening, initial
diagnosis, second opinion, or treatment initiation en-
counters, queries were executed to create patient cohorts
that have a cancer-related diagnostic code for the first time
at a given CCRN institution (patients with new incidence
cancer). The number of patients with new incidence cancer
exhibited minor increases in January 2020 and February
2020 versus 2019 (5.1% and 0.4%, respectively; Fig 3A).
Patients with new incidence cancer were then seen to
exhibit sharp decreases in March 2020 (−27.8%) and April
2020 (−74.0%), a 17.1% larger drop compared with pa-
tients with cancer as a whole. With respect to trends in the
United Kingdom, patients with new incidence cancer de-
creased slightly in January 2020 (−1.9%) and increased in
February 2020 (4.4%; Fig 3B). Patients in March 2020

displayed a −10.9% decline compared with 2019, and by
April 2020, the change was −64.6%, 15.1% more than the
change seen with all patients with cancer. Of note, these
data suggest that patients with new incidence cancer are
likely to be more affected by the pandemic than existing
patients, with implications for delayed diagnosis and poorer
prognosis in the future.

Malignant Cancer Incidence

The pandemic control efforts corresponded to a significant
decline in the number of all patients with cancer en-
countered as well as patients with new incidence cancer.
While these trends were detected using all neoplasm
diseases (malignant, benign, in situ, unspecified) as filter
criteria, changes to the numbers of patients with malignant
cancer (having ICD-10 diagnostic codes C00-C96, D37-
D49) were explored using a similar methodology. The
number of patients with malignant cancer decreased by
−3.5% (138,269 to 133,468) in January 2020 versus
2019, while February 2020 showed declines by
−6.3% (130,576 to 122,400; Fig 4A). March 2020 showed
a drop in patients of −22.2% (137,001 to 106,589), and
April 2020 showed the most drastic decline, with the
number patients with malignant cancer falling by −50%
compared with those seen in 2019. Similar to the queries
performed for all patients with cancer, those with new in-
cidence malignant cancer were next interrogated. While
January and February both showed an increased number
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FIG 2. The effects of COVID-19 on patients with any neoplasm-related encounter. (A) Plot representing patient
counts identified by month from January to April in either 2019 (blue) or 2020 (red) using International Clas-
sification of Diseases, Tenth Revision, diagnosis codes for all neoplasms, including benign and in situ (C00-D49),
with percent change from 2019 to 2020 indicated by gray line. Also shown are patient counts and percent change
for each indicated month and year. (B) Patient counts for 2019 (green) and 2020 (orange) from University
Hospitals Plymouth NHS Trust in the United Kingdom (UK). Plot and table were generated identically to that
shown in panel A. CCRN, COVID and Cancer Research Network.
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of patients in 2020 compared with 2019 (11.5% and 4.3%,
respectively), this trend reversed by March 2020, with
a change of −22.3% (12,297 to 9,551; Fig 4B).

Consistent with other queries, April 2020 displayed the
most drastic drop in identified patients with malignant

cancer, with a −65.2% decline in 2020 (13,783 to 4,791).
On balance, data exclusively from patients with malignant
cancer diagnoses followed similar trends as all patients with
cancer, which suggests possible future deleterious effects
on diagnosis and treatment of these patients.
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Tumor Type–Specific Impact

It is clear that the efforts to control the spread of COVID-19
have drastically reduced the number of encounters with
patients with new and current neoplasms, both malignant
and benign. To determine whether all cancer types showed
similar trends, themalignant cancer cohort was divided into
tumor type–specific cohorts: lung cancer, breast cancer,
prostate cancer, colorectal cancer, hematologic cancers,
and melanoma. While all cancer types displayed similar
trends in the reduction of patients from January 2020 to
April 2020 compared with 2019, some cancer types were
more affected than others. Melanoma, prostate cancer, and
breast cancer displayed the largest decrease in patients

identified, with a −51.8%, −49.1%, and −47.7% drop in
April 2020 versus 2019, respectively (Fig 5A). Of note, lung
cancer and hematologic cancers showed the smallest re-
ductions, both with a −39.1% fall in patients from April
2020 versus 2019, while colorectal cancer fell by −39.9%.
Next, patients with new incidence cancer were interrogated
in these cancer types. Patients with new incidence mela-
noma dropped by −67.1% in April 2020 compared with
2019, while lung cancer was the least altered (−46.8%;
Fig 5B). Of note, while patients with new incidence co-
lorectal cancer (−54.2%) and hematologic cancers
(−54.2%) showed decreases compared with the trends
seen with all patients, those with new incidence prostate
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cancer and breast cancer fell at similar rates as patients
with these cancers as a whole (−46.8% and −50.5%,
respectively).

Cancer Screening

Finally, to explore the effects of the pandemic on cancer
screening rates, screening for both breast cancer and
colorectal cancer was considered. As shown in Figure 6,
screening for both malignancies showed extreme re-
ductions in the percent change between 2020 and 2019.
Breast cancer screening declined by −5.0% and −9.1% in
January and February 2020, respectively. Similarly, co-
lorectal cancer screening remained largely unchanged in
January (0.7%) and decreased by −5.6% in February
2020. Patients with breast cancer and colorectal cancer
who underwent screening inMarch 2020 were shown to fall
by −43.8% and −38.4%, respectively. Consistent with data
using patient diagnoses, April displayed the greatest drop in
screenings. Patients with breast cancer who underwent
screening declined by −89.2%, while screening of patients
with colorectal cancer fell by −84.5% when comparing
2020 with 2019. Together, these data validate the un-
derlying trends observed using diagnosis data and suggest
a potential increase in the presentation of later-stage dis-
ease for newly diagnosed patients in future months.

DISCUSSION

To our knowledge, this study is the largest to date to
quantify the changes caused by the COVID-19 pandemic
with regard to normal cancer care activities. Descriptions of
measures taken to manage patients with cancer2,3,8 as well
as anecdotal reports6 on declines in cancer screening have
been published. The current study utilizes the CCRN,
a TriNetX network of 20 US institutions with . 28 million
patients, to quantify the deviations from normal cancer
encounters and screening procedures. Similar to what has
been suggested through physician surveys,9 rates of cancer
diagnoses, both recurring and new incidence, were seen to
dramatically decrease as the pandemic progressed. This
could have a significant impact on the prognosis of patients
with cancer across cancer types in the near future because
later-stage initial encounters may increase. In addition,
increased use of cancer screening and treatment resources
may occur as pandemic mitigation restrictions are eased
and previously postponed procedures resume.

The CCRN comprises institutions from different geo-
graphical locations in the United States; however, the
majority of patients in this network were seen at sites in the
southern United States (Fig 1B). Because the effects of the
virus were first felt in the Northeast, it is possible that the
current network is skewed to under-report the magnitude of
the changes to cancer-related patient encounters simply
because of differences in the contributing institutions’
geographical locations. It will be important to continue to
use the CCRN to track changes moving forward and to test
the potential for delayed responses in other locations.

Overall, a substantial decline was observed in the number
of patients with a neoplasm-related diagnosis (ICD-10
codes C00-D49) encountered, with patient counts de-
clining by −56.9% in April 2020 versus April 2019 (Fig 2A).
Unexpectedly, a small decline in patient counts was seen
starting in January and February 2020 in the CCRN, which
warrants further investigation. With respect to institutions
outside of the United States, University Hospitals Plymouth
NHS Trust ultimately showed similar, albeit delayed, trends
in patient decline (Fig 2B). This delay is likely to be due to
differences in the timing of the spread of COVID-19 in each
country. However, it is important to note that the com-
parison is with a single hospital in the United Kingdom, and
more data are necessary for validation.

While the decline in patients with cancer as a whole was
clearly evident, decreases specific to those with new in-
cidence cancer were shown to be even more drastic. In the
CCRN, the number of patients with new incidence cancer
seen in April 2020 decreased by −74.0% compared with
April 2019, while in the University Hospitals Plymouth NHS
Trust data set, this drop was shown to be −64.6%. These
declines may suggest that while a patient with a known
cancer-related diagnoses would be more inclined to con-
tinue treatment or keep a scheduled visit, potential patients
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with a new incidence (cancer screening, initial diagnosis,
second opinion, or treatment initiation encounters) may be
more likely to delay these encounters. Similar trends were
seen when filtering specifically on patients with a diagnosis
for a malignant neoplasm, with a −50% drop in all patients
but a −65.2% fall in new incidence for this cohort. While these
trends for malignant neoplasms are slightly less severe than
with all neoplasms, the decline in patients remains substantial
for both groups and further confirms the need to consider the
future impact of delayed initial cancer screening and care.

Declining patient counts varied by cancer type, with breast
cancer, prostate cancer, and melanoma being most af-
fected, while lung, colorectal, and hematologic cancers
were the least affected. While the decrease in patients with
lung cancer seen was expected to be less significant be-
cause of respiratory symptoms common to COVID-19
motivating patients to seek care, the current data do not
support this hypothesis, as colorectal and hematologic
cancers had similar drops in patients with encounters. In
comparison, a report of patients referred to Beth Israel
Deaconess Medical Center described drops in patients with
breast cancer by 65% and with hematologic cancer by
61%.6 While not showing the same difference in magnitude

as in our study for these 2 diseases, in both studies, the
decreases were substantial.

The most significant finding in the current study relates to
cancer screening. Patients in the CCRN displayed a de-
crease of −89.2% for breast cancer screening (mammo-
gram) and for colorectal screening (colonoscopy, computed
tomography scan), almost −84.5%. These results are similar
to a study from the EPIC Health Research Network, using
institutions on the EPIC EMR system, where breast and
colorectal cancer screenings were shown to decline by
. 90% in March and April 2020.10 Tracking the eventual
rebound in these trends in the coming months will be im-
portant for predicting how many patients continue to delay
screening because of concerns related to the pandemic.

The COVID-19 pandemic has had a tremendous immediate
impact on the world, and it is clear that there will be effects
for years to come. Of note, the data presented here reveal
quantifiable trends that indicate substantial declines in
cancer-related patient encounters. Ultimately, these ob-
served trends have serious implications for future cancer
care and validate the need to study andmonitor the effect of
COVID-19 mitigation on cancer diagnosis and treatment
moving forward.
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