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Abstract

Background: The COVID-19 pandemic has led to delays in patients seeking care for life-threatening conditions; however, its
impact on treatment patterns for patients with metastatic cancer is unknown. We assessed the COVID-19 pandemic’s impact
on time to treatment initiation (TTI) and treatment selection for patients newly diagnosed with metastatic solid cancer.
Methods: We used an electronic health record–derived longitudinal database curated via technology-enabled abstraction to
identify 14 136 US patients newly diagnosed with de novo or recurrent metastatic solid cancer between January 1 and July 31
in 2019 or 2020. Patients received care at approximately 280 predominantly community-based oncology practices. Controlled
interrupted time series analyses assessed the impact of the COVID-19 pandemic period (April-July 2020) on TTI, defined as
the number of days from metastatic diagnosis to receipt of first-line systemic therapy, and use of myelosuppressive therapy.
Results: The adjusted probability of treatment within 30 days of diagnosis was similar across periods (January-March
2019¼41.7%, 95% confidence interval [CI] ¼ 32.2% to 51.1%; April-July 2019¼42.6%, 95% CI ¼ 32.4% to 52.7%; January-March
2020¼44.5%, 95% CI ¼ 30.4% to 58.6%; April-July 2020¼46.8%, 95% CI¼ 34.6% to 59.0%; adjusted percentage-point difference-
in-differences ¼ 1.4%, 95% CI ¼ �2.7% to 5.5%). Among 5962 patients who received first-line systemic therapy, there was no
association between the pandemic period and use of myelosuppressive therapy (adjusted percentage-point difference-in-dif-
ferences ¼ 1.6%, 95% CI ¼ �2.6% to 5.8%). There was no meaningful effect modification by cancer type, race, or age.
Conclusions: Despite known pandemic-related delays in surveillance and diagnosis, the COVID-19 pandemic did not affect
TTI or treatment selection for patients with metastatic solid cancers.

The COVID-19 pandemic has led to declines in patients seeking
care for life-threatening conditions, such as acute myocardial

infarction and stroke, as well as care delays for screening and
management of chronic medical conditions (1-5). For patients
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with cancer, who may be particularly vulnerable to COVID-19
infection (6-8), early research suggested changes in practice pat-
terns leading to care delays and treatment modifications (9-17).
Some of these changes were supported by guidelines issued
during the pandemic (18), which encouraged consideration of
nonmyelosuppressive regimens despite mixed evidence linking
the risk and severity of COVID-19 infection to immunosuppres-
sion from cancer therapy (8,19-21). These care disruptions may
have been particularly prominent for patients with metastatic
cancer for whom treatments are palliative rather than curative.
A recent systematic review identified 62 studies evaluating
pandemic-related delays across the cancer care continuum;
however, the majority of these studies used single-institution
data and did not focus on patients with metastatic cancer (22).
Thus, little is known about the impact of the pandemic on
changes in treatment patterns for patients with metastatic
cancer.

Because treatment delays cause patient distress and are as-
sociated with increased mortality for patients with cancer (23-
27), time to treatment initiation (TTI) is a patient-centered qual-
ity metric and outcome that has been used to evaluate the im-
pact of health policies on cancer care (9,28,29). TTI may also
serve as a barometer of capacity limitation and care delivery
disruption during the COVID-19 pandemic (30-34). Moreover,
pandemic-related delays or changes in cancer treatment may
have disproportionately affected minority groups, including
African American patients, who even before the pandemic were
less likely to receive guideline-concordant systemic therapy for
metastatic cancer than White patients (35-40). It is thus critical
to identify whether the COVID-19 pandemic resulted in changes
in treatment patterns for patients with metastatic cancer, with
potential downstream consequences that could adversely affect
patient outcomes and equitable cancer care.

The objective of this study was to evaluate the impact of the
COVID-19 pandemic on TTI and treatment selection for patients
newly diagnosed with metastatic solid cancer, with attention to
race- and age-based disparities. We hypothesized that the pan-
demic would be associated with delays in initiation of systemic
therapy and increased use of nonmyelosuppressive therapies.

Methods

Study Design

We applied a retrospective controlled interrupted time series
approach to evaluate associations between the COVID-19 pan-
demic period and changes in TTI and use of myelosuppressive
therapy. The study adhered to Strengthening the Reporting of
Observational Studies in Epidemiology reporting guidelines and
was exempted by the University of Pennsylvania and WCG
Institutional Review Boards before study conduct due to use of
deidentified data only.

Data Source

This study used the nationwide Flatiron Health database, an
electronic health record (EHR)-derived, longitudinal database
comprising deidentified patient-level structured and unstruc-
tured data curated via technology-enabled abstraction (41,42).
During the study period, data originated from approximately
280 US cancer clinics (approximately 800 sites of care). The ma-
jority of patients in the database originated from community
oncology settings. The data were deidentified and subject to

obligations to prevent reidentification and protect patient
confidentiality.

Participants

The main study sample included adult patients (aged �18 years)
with a new diagnosis of metastatic solid cancer from January 1
to July 31, 2019, or January 1 to July 31, 2020. Metastatic status
was determined using both structured data and abstracted un-
structured data from clinical, imaging, and pathology notes and
included de novo (defined as stage M1 at initial diagnosis) or re-
current (M0 at initial diagnosis) diagnoses. Eligible cancer types
were breast, colorectal, non-small cell lung carcinoma (NSCLC),
pancreas, prostate, renal cell, or urothelial cancer. Patients were
included regardless of treatment status, including those who
did not receive systemic therapy during the study period. We
excluded patients with incomplete historical treatment data
(defined as 90 days or more) between diagnosis and the earliest
date of structured activity (defined as a clinical visit, laboratory
check, or treatment receipt documented in the EHR [n¼ 1631]),
fewer than 2 documented clinical visits after metastatic cancer
diagnosis (n¼ 1275), multiple metastatic malignancies (n¼ 66),
first-line treatment starting before recorded metastatic diagno-
sis date (n¼ 682), or who were receiving therapy that was not
part of National Comprehensive Cancer Network guidelines
(n¼ 344). We also excluded patients diagnosed during a 30-day
“washout” period (March 8 to April 7) encompassing the start of
most state stay-at-home orders in 2020 (Supplementary Table 1,
available online) and historical control patients the comparable
period in 2019 (n¼ 2127). Supplementary Figure 1 (available on-
line) illustrates our cohort selection.

We evaluated changes in treatment selection in a subsample
of patients diagnosed with metastatic breast, NSCLC, prostate,
or urothelial cancer during the study period who received a sys-
temic therapy within 60 days of metastatic diagnosis (n¼ 6721).
We selected these 4 cancers because they have guideline-based
myelosuppressive and nonmyelosuppressive options for front-
line therapy. Furthermore, frontline treatment guidelines (43-
46) for these metastatic cancers did not change substantially
during the study period, allowing for comparisons with histori-
cal controls. In addition to exclusions applied to the main study
sample, patients were excluded if they received first-line treat-
ment directed at a targetable mutation (EGFR, ALK, ROS-1, or
BRAF for NSCLC; HER-2 for breast) or microsatellite instability
(n¼ 759). These patients were excluded because their treatment
decisions were likely influenced by the presence of an action-
able genetic or molecular aberration rather than by factors re-
lated to the pandemic.

Main Outcomes and Measures

The primary outcome was TTI, defined as the number of days
from metastatic diagnosis to receipt of first-line systemic ther-
apy. Patients were censored at their last structured activity
within the Flatiron Health network or 90 days after diagnosis,
whichever occurred first. The secondary outcome was receipt of
myelosuppressive treatment. Myelosuppressive treatment was
defined as any regimen containing cytotoxic chemotherapy or a
cyclin-dependent kinase inhibitor. Checkpoint inhibitors
(NSCLC, urothelial) and hormone therapies (breast, prostate)
without concurrent myelosuppressive therapy were considered
nonmyelosuppressive (see Supplementary Table 2, available on-
line for treatment categorizations).
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The primary exposure was time period (April 8-July 31 vs
January 1-March 8) and year (2020 vs 2019) of metastatic cancer
diagnosis. These intervals corresponded with time periods in
2020 when the COVID-19 pandemic would be more vs less likely
to influence patient treatment based on the date of most states’
stay-at-home orders. In our controlled interrupted time series
approach, the comparison of interest was defined as the change
in TTI (or receipt of myelosuppressive therapy) across time peri-
ods in 2020 compared with the change across time periods in
2019.

Covariates included age, sex, race (Hispanic, non-Hispanic
Black, non-Hispanic White, or other [includes Asian American,
American Indian or Alaska Native, Hawaiian or Pacific Islander,
and multiracial]), insurance type (commercial, government, or
other), Eastern Cooperative Oncology Group performance status
(<2 or �2), documented opioid medication order (yes or no), cal-
endar day of metastatic cancer diagnosis, and cancer type. All
covariates were ascertained at the time of metastatic cancer
diagnosis.

Missing baseline covariate data were accounted for using
multiple imputation via chained equations with 10 imputations.
Continuous variables were imputed using an approach that
allowed for heterogeneous within-group variance by practice
(47). Categorical and dichotomous variables were imputed using
multinomial logistic regression and logistic regression,
respectively.

Statistical Methods

Frequencies and proportions of baseline characteristics were
summarized by time period. Standardized mean differences
were used to describe differences in baseline characteristics
across the 4 time periods; a standardized mean difference
greater than 0.1 was considered a meaningful difference (48).
The Kaplan-Meier estimator was used to estimate unadjusted
median TTI within each time period. We conducted adjusted
analyses of TTI using Cox proportional hazards regression. The
primary exposure was an interaction between period (April-July
vs January-March) and year (2020 vs 2019) of metastatic cancer
diagnosis. All models were adjusted for age, sex, race, insur-
ance, Eastern Cooperative Oncology Group, opioid prescription,
a linear time trend for calendar day of metastatic cancer diagno-
sis, and cancer type and used robust standard errors to allow for
within-practice correlation. Our primary analysis included an
additional 3-way interaction between period, year, and cancer
type to investigate effect modification by cancer type.
Exploratory analyses excluded the cancer type interaction and
included 3-way interactions between period, year, and race or,
in a separate model, period, year, and age group, to investigate
effect modification by race or age group, respectively. After fit-
ting the Cox models, we used marginal standardization to esti-
mate the predicted probabilities of treatment within 30 days of

metastatic cancer diagnosis within each time period. Estimates
across the 10 imputations were combined using Rubin’s rules
(47,49).

Analyses of the subsample of patients who initiated treat-
ment within 60 days of diagnosis used a similar approach using
logistic regression rather than Cox regression to model use of
myelosuppressive therapy (vs not). Marginal standardization
was applied to logistic regression estimates to obtain adjusted
probabilities of receiving myelosuppressive therapy.

Sensitivity Analyses

We performed a sensitivity analysis to verify the robustness of
our findings to an alternate definition of pandemic period expo-
sure. Rather than defining 1 exposure period for all study partic-
ipants that encompassed most state stay-at-home orders, we
varied the exposure period for individual participants, defining
the start of the 30-day washout period using the stay-at-home
order date of a patient’s state of residence (see Supplementary
Table 1, available online for dates).

Data analyses were conducted between November 2020 and
April 2021 using R, version 4.0.4. The statistical significance of
interaction terms was tested by comparing the full model (with
interaction terms) with the corresponding nested model (with-
out interaction terms) using the Wald-like tests for multiple
parameters for use with multiply imputed data (50). All hypoth-
esis tests were 2-tailed with alpha ¼ 0.05. Missing data were im-
puted using the mice package, version 3.13.0 (51). Cox
proportional hazards models were fit using the survival pack-
age, version 3.2.11 (52), and regression standardization con-
ducted using stdReg, version 3.4.1 (53). The functional form of
continuous variables (age and calendar day of diagnosis) in Cox
models was assessed using Martingale Residuals, and the pro-
portional hazards assumption was evaluated for all variables
using Schoenfeld Residuals. All analytic code is available at
https://github.com/PRACTICE-research-group/COVID19-treat-
ment-patterns.

Results

Baseline Characteristics

Table 1 shows the distribution of patient characteristics in the
main study sample by time period and year. Of 14 136 patients
with documented newly diagnosed metastatic solid cancer dur-
ing the study period, 2954 (20.9%) were diagnosed from January
to March 2019, 4745 (33.6%) from April to July 2019, 2640 (18.7%)
from January to March 2020, and 3797 (26.9%) from April to July
2020. There were no meaningful differences in the distributions
of age, sex, race, insurance, practice setting, and performance
status by time period within each year (standardized mean dif-
ferences <0.1). The most common cancers were NSCLC (41.3%),
colorectal (18.4%), and breast (11.6%); there were no differences
in the distribution of cancers by time period. Overall, 62.9% of
patients were diagnosed with de novo metastatic disease; as a
proportion of overall new metastatic cancer diagnoses, de novo
metastatic diagnoses were more common in the COVID-19 pe-
riod (April-July 2020 67.0%) than in the pre-COVID-19 periods
(January-March 2019¼ 61.2%; April-July 2019¼ 61.5%; January-
March 2020¼ 61.5%; standardized mean difference ¼ 0.11).
Supplementary Table 3 (available online) describes the subsam-
ple of patients (n¼ 5962) who were diagnosed with metastatic
NSCLC, breast, prostate, or urothelial cancer and treated within
60 days of diagnosis. The distribution of baseline characteristics
in this subsample was similar to the full cohort.

Time to Treatment Initiation

Across all periods, the median time to systemic treatment initi-
ation was 35 days, with 44.0% (95% confidence interval [CI] ¼
43.2% to 44.8%) of patients initiating treatment within 30 days of
metastatic diagnosis. Unadjusted and adjusted probabilities of
treatment initiation within 30 days are shown in Table 2. In our
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primary analysis, the difference in the proportion of patients
initiating treatment within 30 days in April-July compared with
January-March was similar in 2019 and 2020 (adjusted probabil-
ity of treatment within 30 days: January-March 2019¼ 41.7%,
95% CI ¼ 32.2% to 51.1%; April-July 2019¼ 42.6%, 95% CI ¼ 32.4%
to 52.7%; January-March 2020¼ 44.5%, 95% CI ¼ 30.4% to 58.6%;
April-July 2020¼ 46.8%, 95% CI ¼ 34.6% to 59.0%; adjusted
percentage-point difference-in-differences ¼ 1.4%, 95% CI ¼
�2.7% to 5.5%) (Table 2). There was no evidence of effect modifi-
cation by cancer type (Pinteraction ¼ .25) (Figure 1), race
(Supplementary Table 4, available online; P¼ .10), or age
(Supplementary Table 5, available online; P¼ .65).

Treatment Selection

Among the 5962 patients who received first-line systemic ther-
apy within 60 days of diagnosis, 67.2% received myelosuppres-
sive therapy (range ¼ 3.2% for prostate cancer to 81.0% for

breast cancer). The difference in the adjusted probability of re-
ceiving myelosuppressive therapy in April-July compared with
January-March was similar in 2019 and 2020 (January-March
2019¼ 69.8%, 95% CI ¼ 65.1% to 74.4%; April-July 2019¼ 66.7%,
95% CI ¼ 60.9% to 72.5%; January-March 2020¼ 68.3%, 95% CI ¼
65.1% to 71.4%; April-July 2020¼ 66.8%, 95% CI ¼ 63.3% to 70.2%;
adjusted percentage-point difference-in-differences ¼ 1.6%, 95%
CI ¼ �2.6% to 5.8%) (Table 3). There was no evidence of effect
modification by cancer type (P¼ .21) (Figure 2), race
(Supplementary Table 6, available online; P¼ .13), or age
(Supplementary Table 7, available online; P¼ .48).

Sensitivity Analyses

Results from a sensitivity analysis using a state-specific expo-
sure definition based on dates of state stay-at-home orders
were consistent with results from the primary analysis
(Supplementary Tables 8 and 9, available online).

Table 1. Population characteristicsa

Variable
2019 2020

Total
January

1-March 8 April 8-July 31
SMD

January
1-March 8 April 8-July 31

SMD (N¼ 14 136)(n¼ 2954) (n¼ 4745) (n¼2640) (n¼ 3797)

Cancer, No. (%)
Breast 382 (12.9) 589 (12.4) 0.089 282 (10.7) 393 (10.4) 0.066 1646 (11.6)
Colorectal 553 (18.7) 862 (18.2) 466 (17.7) 722 (19.0) 2603 (18.4)
NSCLC 1170 (39.6) 1987 (41.9) 1122 (42.5) 1562 (41.1) 5841 (41.3)
Pancreatic 261 (8.8) 388 (8.2) 251 (9.5) 368 (9.7) 1268 (9.0)
Prostate 282 (9.5) 383 (8.1) 214 (8.1) 347 (9.1) 1226 (8.7)
RCC 133 (4.5) 274 (5.8) 147 (5.6) 178 (4.7) 732 (5.2)
UCC 173 (5.9) 262 (5.5) 158 (6.0) 227 (6.0) 820 (5.8)

Median age (IQR) 70 (61-77) 70 (61-77) 0.013 69 (61-77) 69 (62-77) 0.008 70 (61-77)
Sex, No. (%)

Female 1330 (45.0) 2295 (48.4) 0.067 1250 (47.3) 1784 (47.0) 0.007 6659 (47.1)
Male 1624 (55.0) 2450 (51.6) 1390 (52.7) 2013 (53.0) 7477 (52.9)

Race, No. (%)
Hispanic 164 (6.3) 240 (5.7) 131 (5.6) 197 (5.9) 732 (5.9)
Non-Hispanic Black 270 (10.3) 458 (10.9) 242 (10.4) 355 (10.6) 1325 (10.6)
Non-Hispanic White 1801 (68.7) 2912 (69.1) 0.031 1554 (66.8) 2211 (66.3) 0.015 8478 (67.8)
Other 386 (14.7) 606 (14.4) 400 (17.2) 571 (17.1) 1963 (15.7)
Missing 333 529 313 463 1638

Insurance, No. (%)
Commercial 1435 (48.6) 2315 (48.8) 0.048 1343 (50.9) 1915 (50.4) 0.026 7008 (49.6)
Government 585 (19.8) 1015 (21.4) 556 (21.1) 775 (20.4) 2931 (20.7)
Unknown/not docu-
mented/self-pay

934 (31.6) 1415 (29.8) 741 (28.1) 1107 (29.2) 4197 (29.7)

Practice type, No. (%)
Academic 279 (9.4) 471 (9.9) 0.016 235 (8.9) 341 (9.0) 0.003 1326 (9.4)
Community 2675 (90.6) 4274 (90.1) 2405 (91.1) 3456 (91.0) 12 810 (90.6)

ECOG performance status,
No. (%)
0-1 1176 (82.1) 1816 (82.1) 0.001 1086 (83.5) 1540 (81.7) 0.047 5618 (82.3)
�2 257 (17.9) 396 (17.9) 214 (16.5) 344 (18.3) 0.047 1211 (17.7)
Missing 1521 2533 1340 1913 7307

Opioid prescription, No. (%) 220 (7.4) 362 (7.6) 0.007 179 (6.8) 274 (7.2) 0.017 1035 (7.3)
De novo metastatic, No. (%) 1647 (61.2) 2676 (61.5) 0.006 1491 (61.5) 2329 (67.0) 0.113 8143 (62.9)

Missing 261 391 217 319 1188

aECOG ¼ Eastern Cooperative Oncology Group; IQR ¼ interquartile range; NSCLC ¼ non-small cell lung carcinoma; RCC ¼ renal cell carcinoma; SMD ¼ standardized

mean difference; UCC ¼ urothelial cell carcinoma.
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Discussion

In this large, multi-site cohort of patients with metastatic
solid cancer, we assessed the impact of the COVID-19 pan-
demic on TTI and treatment selection using a quasi-
experimental approach. We did not find evidence that the
pandemic period was associated with delayed systemic ther-
apy or increased use of nonmyelosuppressive therapy. We did
observe changes in disease presentation during the COVID-19
period—most notably, an increased proportion of patients
presenting with de novo metastatic disease. Our analysis sug-
gests that previously reported pandemic-associated diagnos-
tic delays may have resulted in more acute presentations of
metastatic disease but not delays in systemic treatment initi-
ation or preference against use of myelosuppressive
therapies.

Our findings stand in contrast to earlier studies evaluating
COVID-19 pandemic–related disruptions in cancer care, which
found evidence of care delays across the cancer continuum
(11,13,17). Several factors may account for this discrepancy.
First, previously reported declines in cancer screening and diag-
noses may have contributed to greater available capacity in out-
patient clinics and infusion suites for those needing prompt
treatment (16). Second, we observed a 5-6 percentage-point in-
crease in the proportion of de novo metastatic diagnoses in the
COVID-19 period compared with pre-COVID periods. Relative to
recurrent metastatic diagnoses, which are often detected via
routine surveillance imaging or laboratory testing when
patients may not be symptomatic, de novo metastatic diagno-
ses are associated with greater symptomatic burden and worse
overall mortality (54). It is possible that known pandemic-
related decreases in routine imaging and laboratory

surveillance contributed to the observed relative increase in
presentation of potentially more symptomatic de novo meta-
static diagnoses, which has been suggested in prior single-
institution studies (52). Consequently, any pandemic-related
delays in treatment initiation may have been balanced by the
need for quicker treatment initiation for more symptomatic
cases. Our findings of COVID-related impacts on de novo meta-
static presentation are hypothesis-generating, and this study
was not well powered to assess this. Future studies with longer
follow-up will be necessary to evaluate whether the relative in-
crease of de novo presentations will persist and what the conse-
quences of this potential shift will be on future cancer-related
outcomes. Nevertheless, delays in detection and diagnosis of re-
current metastatic disease during the early phase of the COVID-
19 pandemic may be a harbinger for increased rates of symp-
tomatic metastatic disease and cancer-associated mortality in
later stages of the pandemic.

We did not find evidence of changes in the type of treatment
selected despite early professional society guidance in some
cases cautioning against use of myelosuppressive therapy (18).
The mechanisms behind this finding are unclear. An increased
proportion of de novo metastatic diagnoses presenting with
symptomatic disease may have led more physicians and
patients than expected to prefer chemotherapy to achieve rapid
debulking and disease control (55). Additionally, evidence
emerged during the pandemic suggesting that myelosuppres-
sive therapies might not, as initially suspected, be associated
with increased COVID-19 severity or mortality among patients
with cancer (8). Oncologists may have thus grown more com-
fortable with using myelosuppressive therapy during the pan-
demic period.

Table 2. Adjusted probability of treatment within 30 daysa

Model and category

2019 2020
Difference in
differences

January 1-
March 8 April 8-July 31 Difference

January 1-
March 8 April 8-July 31 Difference 2020-2019

Est (95% CI) Est (95% CI) Est (95% CI) Est (95% CI) Est (95% CI) Est (95% CI) Est (95% CI)

Unadjusted 0.429 (0.407 to
0.452)

0.415 (0.383 to
0.447)

�0.014 (�0.032
to 0.003)

0.453 (0.433 to
0.472)

0.453 (0.426 to
0.487)

0.004 (�0.014 to
0.075)

0.018 (0.000 to
0.036)

Adjusted
Combined 0.417 (0.322 to

0.511)
0.426 (0.324 to

0.527)
0.009 (�0.044 to

0.061)
0.445 (0.304 to

0.586)
0.468 (0.346 to

0.590)
0.023 (�0.029 to

0.075)
0.014 (�0.027 to

0.055)
Breast 0.546 (0.363 to

0.728)
0.573 (0.337 to

0.809)
0.027 (�0.223 to

0.277)
0.637 (0.360 to

0.914)
0.635 (0.298 to

0.972)
�0.002 (�0.190

to 0.185)
�0.029 (�0.385

to 0.326)
Colorectal 0.402 (0.259 to

0.545)
0.410 (0.296 to

0.524)
0.008 (�0.089 to

0.106)
0.430 (0.233 to

0.628)
0.434 (0.307 to

0.561)
0.004 (�0.112 to

0.120)
�0.005 (�0.115

to 0.106)
NSCLC 0.397 (0.308 to

0.486)
0.390 (0.301 to

0.480)
�0.007 (�0.075

to 0.062)
0.404 (0.284 to

0.524)
0.436 (0.300 to

0.572)
0.032 (�0.007 to

0.071)
0.039 (�0.031 to

0.108)
Pancreatic 0.508 (0.290 to

0.727)
0.549 (0.228 to

0.869)
0.040 (�0.188 to

0.268)
0.541 (0.327 to

0.755)
0.546 (0.293 to

0.798)
0.005 (�0.293 to

0.302)
�0.036 (�0.299

to 0.227)
Prostate 0.369 (0.212 to

0.526)
0.363 (0.182 to

0.545)
�0.006 (�0.232

to 0.221)
0.371 (0.197 to

0.545)
0.438 (0.262 to

0.614)
0.067 (�0.184 to

0.317)
0.072 (�0.385 to

0.530)
RCC 0.343 (0.176 to

0.510)
0.361 (0.006 to

0.716)
0.018 (�0.365 to

0.402)
0.396 (0.068 to

0.724)
0.440 (0.132 to

0.748)
0.044 (�0.283 to

0.371)
0.025 (�0.293 to

0.344)
UCC 0.345 (0.195 to

0.495)
0.390 (0.224 to

0.556)
0.045 (�0.170 to

0.260)
0.408 (0.237 to

0.579)
0.418 (0.264 to

0.572)
0.010 (�0.205 to

0.225)
�0.035 (�0.236

to 0.166)

aResults are from cancer type: period interaction model. Est ¼ estimate; CI ¼ confidence interval; NSCLC ¼ non-small cell lung carcinoma; RCC ¼ renal cell carcinoma;

UCC ¼ urothelial cell carcinoma.
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Our study has several advantages compared with prior stud-
ies examining pandemic-related treatment delays. First, we
studied a large national cohort using EHR–derived data with
minimal data lag, allowing for broad geographic coverage that
accounted for state-specific stay-at-home orders, strong repre-
sentation of community oncology practices, and greater data re-
cency compared with other administrative databases. Second,
we used a real-world dataset that harnesses technology-
enabled chart abstraction to ascertain diagnoses and treat-
ments rather than relying solely on administrative claims from
the COVID-19 pandemic period, which may be subject to mea-
surement error and data lag (56,57). Finally, we used a quasi-
experimental design to account for temporal confounding, such
as known seasonal patterns in diagnoses and treatment-
seeking behavior (58).

Our study has several limitations. First, it is a retrospective
study of a sample of predominantly community-based US on-
cology practices, and therefore our findings may not be reflec-
tive of all oncology practice. However, this database has been
shown to be broadly representative of US oncology practices
and patients (41). Second, outpatient EHR data may incom-
pletely capture important variables that contribute to treat-
ment patterns, such as patient preference or comorbidities,
thus raising the possibility of unmeasured confounding.
However, our quasi-experimental approach should account for
these unmeasured confounders, assuming such confounders

were consistent across time periods. Third, although we used
the most up-to-date data available, there may be COVID-
related delays in data capture affecting completeness of data
from more recent time periods. In particular, the pandemic
could affect capture of metastatic cancer diagnoses. Although
this remains a hypothetical concern, future analyses should
address this possibility. Fourth, our cohort was limited by a rel-
atively small proportion of racial minorities and those with
noncommercial insurance. This may have resulted in limited
power for analyses of race- or age-based interactions, though
notably there was some non-statistically significant evidence
of delayed treatment among African American patients. Given
the disproportionate impact of the pandemic on care for mi-
nority groups, future analyses with larger, more diverse
cohorts are needed. Finally, although we did not find any
delays in systemic therapy initiation, our study was not
designed to evaluate possible changes in rates of systemic
therapy initiation (or lack thereof) over time or to assess
changes in systemic therapy dosing or schedules that may
have occurred during the pandemic.

In this large, nationwide study of patients newly diagnosed
with metastatic solid cancer, we did not find evidence of treat-
ment delays or preferential use of nonmyelosuppressive thera-
pies associated with the COVID-19 pandemic. An increased
proportion of patients presenting with de novo metastatic can-
cers during the pandemic may portend a backlog of recurrent
metastatic diagnoses stemming from pandemic-related delays
in surveillance and diagnosis. Future studies with longer follow-
up should assess whether COVID-related delays in presentation
affect cancer-related outcomes among patients with metastatic
cancers.
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Figure 1. Changes in the adjusted probability of treatment initiation within

30 days of metastatic diagnosis between COVID-19 and pre–COVID-19 periods.

This figure displays the differential effect of the COVID-19 period on the proba-

bility of 30-day treatment initiation by cancer type, race, and age (years) among

patients with newly diagnosed de novo or recurrent metastatic solid cancer. The

error bars represent the 95% confidence intervals. NSCLC ¼ non-small cell lung

carcinoma; RCC ¼ renal cell carcinoma; UCC ¼ urothelial cell carcinoma.
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