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abstract

PURPOSE Variation in risk of adverse clinical outcomes in patients with cancer and COVID-19 has been reported
from relatively small cohorts. The NCATS’National COVID Cohort Collaborative (N3C) is a centralized data resource
representing the largest multicenter cohort of COVID-19 cases and controls nationwide. We aimed to construct and
characterize the cancer cohort within N3C and identify risk factors for all-cause mortality from COVID-19.

METHODSWe used 4,382,085 patients from 50 USmedical centers to construct a cohort of patients with cancer.
We restricted analyses to adults $ 18 years old with a COVID-19–positive or COVID-19–negative diagnosis
between January 1, 2020, andMarch 25, 2021. We followed N3C selection of an index encounter per patient for
analyses. All analyses were performed in the N3C Data Enclave Palantir platform.

RESULTS A total of 398,579 adult patients with cancer were identified from the N3C cohort; 63,413 (15.9%)
were COVID-19–positive. Most common represented cancers were skin (13.8%), breast (13.7%), prostate
(10.6%), hematologic (10.5%), and GI cancers (10%). COVID-19 positivity was significantly associated with
increased risk of all-cause mortality (hazard ratio, 1.20; 95% CI, 1.15 to 1.24). Among COVID-19–positive
patients, age $ 65 years, male gender, Southern or Western US residence, an adjusted Charlson Comorbidity
Index score $ 4, hematologic malignancy, multitumor sites, and recent cytotoxic therapy were associated
with increased risk of all-cause mortality. Patients who received recent immunotherapies or targeted therapies
did not have higher risk of overall mortality.

CONCLUSION Using N3C, we assembled the largest nationally representative cohort of patients with cancer and
COVID-19 to date. We identified demographic and clinical factors associated with increased all-cause mortality
in patients with cancer. Full characterization of the cohort will provide further insights into the effects of COVID-
19 on cancer outcomes and the ability to continue specific cancer treatments.
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INTRODUCTION

COVID-19 rapidly emerged as a global pandemic af-
fecting access and quality of care, as well as health
outcomes.1,2 Patients with cancer were among vul-
nerable populations shown to be at increased risk of
severe disease and death from COVID-19, which has
been attributed to the manifestation of cancer itself,
interaction with cancer therapies, and the hindrance
of cancer care delivery by the pandemic.3-6 Compared
with patients without cancer, patients with cancer had
higher mortality rates despite receipt of more frequent
antiviral and immune-related therapies.7

The impact of COVID-19 on cancer outcomes and care
delivery has been developing over time, with one of the

earliest reports demonstrating more than five-fold in-
crease in the likelihood of severe COVID-19 and death
among patients with cancer.8 However, early studies
might have suffered from small sample sizes and
potential significant confounders.8-13 Subsequent
studies reported increased risk of severe infection and
death among patients with cancer but provided a more
nuanced picture regarding COVID-19 severity, risk of
death, and the impact of the cancer type and cancer
therapy. For example, an analysis of the Lean Euro-
pean Open Survey on SARS-CoV-2 Infected Patients
registry found minimal change in COVID-19 risk
among patients with and without cancer after adjusting
for age, sex, and comorbidity.14 Studies that have
specifically assessed the impact of cancer-related
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as the index encounter (Appendix 1, online only). We
limited our analytic cohort to patients with COVID-19 who
had their earliest COVID-19 diagnosis within 21 days before
the start of the index encounter and up to 5 days after the
start of the index encounter. We restricted the cancer
cohort to adult patients $ 18 years old with a past or
existing primary cancer diagnosis and an index encounter
between January 1, 2020, and March 25, 2021 (Fig 1).
Finally, because of Health Information Portability and Ac-
countability Act limitations, all age groups . 89 years have
been set to 90 years for our analysis.

Indicator Variables

The N3C clinical data set is a collection of limited data sets
(ie, containing real dates and geographic location) with
potential prognostic variables. In our analysis, we included
data for age, sex, race and ethnicity, geographical location
of patient residence, smoking status, and COVID-19
treatment received. In addition, we used available data
to calculate indicator variables on Charlson Comorbidity
Index (CCI)21 adjusted for a cancer diagnosis, primary
cancer diagnosis, and cancer therapies.

Primary Diagnosis

Primary cancer diagnosis and associated diagnostics
features are challenging to determine from the CDMs
because of the lack of contextual clinical features (eg,
pathology). Additionally, limited historical data availability
within the N3C Enclave (starting at January 1, 2018)
precludes a conclusive determination of a first cancer
diagnosis. Using a diagnosis mapping to ICD-10 process
(Appendix Fig A1, online only), we were able to map
363,856 patients’ diagnosis to one (or more) ICD-10 to-
pography code(s). In 9,924 patients, either the SNOMED-
reported cancer type could not be mapped to a single ICD-
10 anatomical site or they had an ICD-10 code of C76 or
C80 (code C76 corresponds to malignant neoplasm of
other and ill-defined sites, and C80 corresponds to ma-
lignant neoplasm without specification of site). As such, we
were not able to map those patients to a single primary
diagnosis and were categorized as having unknown or
undefined primary, respectively, in the analyses. As
depicted in Appendix Figure A2 (online only), we employed
a multistep process to identify a primary diagnosis for
patients with a mapped diagnosis. Initially, we extracted
the single-cancer ICD-10 topography-reported patients.
Second, we searched the keyword primary in cancer type
and corresponding ICD-10 topography if it is mapped to a
single topography. Third, we extracted secondary-only
diagnosis on the basis of ICD-10 topography and finally,
identified unique occurrence of an ICD-10 topography
within the index encounter. This process resulted in a total
of 321,337 patients with a primary diagnosis. We were
unable to conclusively associate 52,443 patients with a
single primary diagnosis because of reporting of more than
one cancer site for these patients and insufficient data to

differentiate a primary versus subsequent malignancy vs
metastasis.

Cancer Therapies

Exposure to systemic, nontopical cancer therapies were
assessed for each person in our cohort using a string
search for each cancer therapy in the drug concept
name and manually reviewed for correctness. Although
steroids are an integral portion of cancer therapy, ste-
roids were excluded from our categorization as a sole
indication of cancer therapy exposure. Each cancer
therapy was categorized as cytotoxic, targeted, immu-
notherapy, or endocrine therapy on the basis of the
drug’s mechanism of action (Appendix Table A2, online
only). The most recent cancer therapy received within
30 days of the index encounter was included in the
analyses.

Outcomes

The primary outcome of interest was all-cause mortality
during the index encounter. Secondary outcomes included
indicators of clinical severity requiring hospitalization: use
of mechanical ventilation and extracorporeal membrane
oxygenation.

Statistical Analysis

We calculated frequencies of potential prognostic factors
comparing COVID-19 cases with controls using chi-square
tests. We calculated frequency of death from any cause in
the entire cohort and death and clinical severity indicators
in hospitalized patients. Survival probabilities for the study
cohort from 3 days, 10 days, and up to 90 days, as well as
their 95% CIs, were estimated using the Kaplan-Meier
estimator for censored data. We also estimated the sur-
vival probability for the major cancer types in the COVID-
19–positive patients. Kaplan-Meier curves were used to
visualize the corresponding survival probability, and the
log-rank test to test statistical differences in survival
probability between COVID-19–positive and COVID-19–
negative patients. Multivariable analyses were performed
using Cox Proportional Hazard models to estimate hazard
ratios (HRs) for association of potential risk factors with all-
cause mortality within 1 year comparing COVID-19–pos-
itive and COVID-19–negative patients adjusting for age
group, sex, race and ethnicity, smoking status, geo-
graphical location of patient residence, adjusted CCI in-
dex, primary cancer types, and cancer treatment at
30 days. All tests were 2-sided using a 5% significance
threshold. We also fit a separate model including only
COVID-19–positive patients adding COVID-19 treatments
including azithromycin, hydroxychloroquine, remdesivir,
systemic steroids, and antibiotics to the model.

Per N3C policy, exact counts that are 20 or less were not
reported to protect the privacy of individuals. All analyses
were performed in the N3C Data Enclave on the Palantir
platform.

Journal of Clinical Oncology 3

N3C Cancer Cohort Outcomes

















data contributing sites using a 2:1 ratio to match the overall
prevalence of age, sex, and race of COVID-19 cases from
those sites. Future studies could explore more detailed and
consistent matching strategies within the cohort. Data

missingness from EHR is a well-known problem for studies
using clinical records. Although some patient records may
be completely captured by a given hospital system, other
records are only partially captured, when a patient sought

COVID-19
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Non-Hispanic White (ref)

Black or African American

Hispanic

Unknown

Smoking status

Nonsmoker (ref)

Current or former smoker

Geographical location

US Northeast (ref)

US Midwest

US South

US West

Adjusted CCI
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FIG 4. Adjusted HRs Cox proportional hazard model for association of potential risk factors with 1 year all
cause mortality in (A) entire cohort and (B) COVID 19 positive patients only. CCI, Charlson Comorbidity Index;
HR, hazard ratio; ref, reference. aP , .001. bP , .05. (continued on following page)
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care at a different facility not affiliated with the given
hospital system. This limitation extends to all clinical data
domains including death information. Many hospital sys-
tems link their records with state death records to close this
gap, but this is often done on a semiannual basis and it may
not be done at every site. All-cause mortality, our primary
study outcome, may be under-represented in the data;
however, the scope and scale of the N3C data repository
potentially overcome the limitations of individual sites.

In conclusion, through constructing the largest COVID-19
and cancer cohort within the United States, we examined
risks of adverse outcomes associatedwith COVID-19–positive
patients with cancer, particularly all-cause mortality. Despite
the known limitations of large-scale data networks such as
N3C, the consortium represents an unmatched resource for
clinicians and researchers to examine the effects of cancer
on COVID-19 outcomes and vice versa. Consistent with
previous literature, older age, male gender, and increasing
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FIG 4. (Continued).
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comorbidities were associated with higher mortality in
patients with cancer and COVID-19. The N3C data set also
confirmed that patients with cancer and COVID-19 who
received recent immunotherapies or targeted therapies

were not at higher risks of overall mortality. Future studies of
the cohort will provide insights into the evolving effect of
COVID-19 on patients with cancer and additional evidence
to guide the clinical management of this patient population.
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Please see Appendix 2 (online only) for the full list of the National COVID
Cohort Collaborative (N3C) core authors and affiliations.
This research was possible because of the patients whose information is
included within the data from participating organizations (https://
ncats.nih.gov/n3c/resources/data contribution/data transfer agreement
signatories) and scientists (https://covid.cd2h.org/duas) who have
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contributed to the on going development of this community resource
doi.org/10.5281/zenodo.3979622.
The N3C data transfer to NCATS is performed under a Johns Hopkins
University Reliance Protocol No. IRB00249128 or individual site

agreements with NIH. The N3C Data Enclave is managed under the
authority of the NIH; information can be found at https://ncats.nih.gov/
n3c/resources. *Denotes N3C core team leads.
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FIG A3. Survival probability curves by cancer type and age for COVID 19 positive patients. (A) Skin cancers, (B) breast cancer, (C) prostate cancer, (D)
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