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Abstract

Pur pose

We aimed to describe the demographics, cancer subtypes, comorbidities and outcomes of
patients with a history of cancer with COVID-19 from March to June 2020. Secondly, we
compared patients hospitalized with COVID-19 to patients diagnosed with COVID-19 and

patients hospitalized with influenza.

Methods

We conducted a cohort study using eight routinely-collected healthcare databases from Spain
and the US, standardized to the Observational Medical Outcome Partnership common data
model. Three cohorts of patients with a history of cancer were included: i) diagnosed with
COVID-19, ii) hospitalized with COVID-19, and iii) hospitalized with influenzain 2017-
2018. Patients were followed from index date to 30 days or death. We reported

demographics, cancer subtypes, comorbidities, and 30-day outcomes.

Results

We included 118,155 patients with a cancer history in the COVID-19 diagnosed and 41,939
in the COVID-19 hospitalized cohorts. The most frequent cancer subtypes were prostate and
breast cancer (range: 5-19% and 1-14% in the diagnosed cohort, respectively). Hematological
malignancies were also frequent, with non-Hodgkin’s lymphoma being among the 5 most
common cancer subtypes in the diagnosed cohort. Overall, patients were more frequently
aged above 65 years and had multiple comorbidities. Occurrence of death ranged from 8% to

14% and from 18% to 26% in the diagnosed and hospitalized COV1D-19 cohorts,
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respectively. Patients hospitalized with influenza (n=242,960) had a similar distribution of

cancer subtypes, sex, age and comorbidities but lower occurrence of adverse events.

Conclusion

Patients with a history of cancer and COVID-19 have advanced age, multiple comorbidities,
and a high occurence of COVID-19-related events. Additionaly, hematological malignancies
were frequent in these patients. This observational study provides epidemiologic

characteristics that can inform clinical care and future etiological studies.

10
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Background

Shortly after the emergence of the novel coronavirus disease 2019 (COVID-19), patients with
cancer were reported to be a high-risk population for COVID-19.%? These patients have an
increased susceptibility to infections as a result of their immunosuppressed state, caused by
the cancer itself, certain types of chemo- or immunotherapy, or surgery and a higher exposure
to healthcare-associated infections (HAI).® In addition, patients with cancer are often older
and with additional comorbidities, which might increase their risk of worse COVID-19

outcomes.*

Prior studies assessing COVID-19-related risks in the cancer population have demonstrated
conflicting results. Some studies found that patients with cancer have an increased risk of
COVID-19 related hospitalization, admission to intensive care units, and mortality compared

1245 whereas others did not.>’ These studiesincluded alimited

to patients without cancer,
number of patients with cancer, were conducted across different countries and geographic
regions with different incidence of infection at varying time points and used different
definitions for cancer (e.g., active cancer, solid cancer, history of cancer), which limit their
generalizability. Furthermore, they presented results for models adjusted by (different)

arbitrary covariates, without atheoretical framework of confounding variables, which limits

the interpretation for descriptive and causal inference purposes.®?

Given that COVID-19 isanovel disease, large descriptive studies are essential to inform
public health strategies and clinical care, as well asto provide the groundwork for future
etiological studies. Large studies with detailed information of medical conditions and health
outcomes, such as thromboembolic events, in patients with cancer and COVID-19 are lacking
to date. To fill that gap, we conducted a multi-national study aiming to describe the

demographics, cancer subtypes, comorbidities and outcomes of patients with a history of

11
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1  cancer and COVID-19. In addition, we compared patients with a history of cancer
2 hospitalized with COVID-19 to i) patients with a history of cancer diagnosed with COVID-
3 19; andii) patients with a history of cancer hospitalized with seasona influenza (2017-2018)

4  asabenchmark.

6 Methods

7  Study design, setting and data sour ces

8  Thisstudy was part of the CHARY BDIS (Characterizing Health Associated Risks, and Y our
9 Basdline Disease In SARS-COV-2) project designed by the Observational Health Data
10  Sciencesand Informatics (OHDSI) community. CHARYBDIS is large-scale study aiming to
11  characterize individuals with COVID-19 using routinely-collected healthcare data (protocol

12 available at https://www.ohdsi.org/wp-content/upl oads/2020/07/Protocol COVID-19-

13  Charybdis-Characterisation V5.docx). Twenty-two databases standardized to the

14  Observational Medical Outcomes Partnership (OMOP) Common DataModel (CDM)™ have
15  contributed to CHARY BDIS to date. The OHDSI network maintains the OMOP-CDM, and
16 itsmembers have developed a wide range of tools to facilitate analyses of such mapped

17  data'! Results for this sub-study were extracted from the overarching result set on October,

18  9th, 2020.

19  From the databases that contributed to CHARYBDIS, we included those reporting data on at
20 least 140 subjects with a history of cancer diagnosed and/or hospitalized with COVID-19.
21  This cut-off was established to estimate the prevalence of conditions and 30-days outcomes
22  dffecting 10% of the study population with a confidence interval (ClI) width of +/- 5%. The
23 selection processis depicted in Appendix Figure AL1. Up to eight databases from two

24  countries (Spain and the United States (US)) were included in this study. Spanish data came

12
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from SIDIAP, a primary care database linked to hospital admissions.'? Data from the US
included Electronic Health Records (EHR) from the hospital setting: CU-AMC-HDC,
CUIMC, Optum-EHR,** and VA-OMOP (93% male, mostly veterans); aswell as claims
data: HealthVerity and IQVIA-OpenClaims. All databases reported patients with COVID-19
identified from March to June 2020, apart from CU-AMC-HDC that included data to August

2020. For a description of the included data sources, see Appendix Table Al.

Study participants

We included three non-mutually exclusive cohorts of patients with a history of cancer: i)
patients diagnosed with COVID-19, ii) patients hospitalized with COVID-19, and iii) patients

hospitalized with seasonal influenzain 2017-2018.

To comprehensively capture baseline characteristics, we only included patients with at least

one year of observation time available prior to index date (i.e., date of start of the cohort).

Patients with a history of cancer were defined as those having arecord of any malignant
neoplasm excluding non-melanoma skin cancer prior to the index date. Patients diagnosed
with COVID-19 were those having aclinical diagnosis and/or a positive test for the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) documented in outpatient or
inpatient records. Patients hospitalized with COVID-19 were those who had a hospitalization
episode and a COVID-19 clinical diagnosis or positive SARS-CoV-2 test within atime
window of 21 days prior to admission up to the end of their hospitalization. We chose this
time window to include patients with a diagnosis prior to hospitalization and to allow for a
record delay in test results or diagnoses. Similarly, patients hospitalized with seasonal
influenza were those who had a hospitalization episode and a influenza clinical diagnosis or
positive test result for influenzain 2017-2018. The criteria to define patients with a history

of cancer and COVID-19 and influenza cases can be found in Appendix Table A2.

13
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Index date for the diagnosed cohort was the date of clinical diagnosis or the earliest test day
registered within seven days of afirst positive test, whichever occurred first. Index date for
both hospitalized cohorts (COVID-19 and influenza) was the day of hospitalization. Patients
were followed from the index date to the earliest of either death, end of the observation

period,™ or 30 days.

Patient characteristics and outcomes

More than 15,000 medical conditions from up to one year prior to index date were identified
in each cohort based on the Systematized Nomenclature of Medicine (SNOMED) hierarchy,
with all descendant codes included.™ In addition, we created specific definitions for
comorbidities and outcomes of particular interest (available in Appendix Table A2). To
describe the frequency of cancer subtypes by topographical location (henceforth, referred to
as cancer types), we selected 26 cancer types based on the most prevalent cancersin Spain
and the US, according to data from the International Agency for Research on Cancer.™ The

SNOMED codes used to identify each cancer type can be found in Appendix Table A3.

We report here demographics (sex and age), antineoplastic and immunomodul ating treatment
received in the month and year prior to the index date and a selection of key comorbidities

(based on their relevance to the COVID-19 field and on their prevalence in the cohorts).

The 30-day outcomes of interest in the COVID-19 diagnosed cohort were hospitalization and
death (from al causes). In the hospitalized cohorts (COVID-19 and influenza), the outcomes
of interest were acute respiratory distress syndrome (ARDS), acute kidney injury (AKI),
cardiovascular disease events, deep vein thrombosis, pulmonary embolism, sepsis,

requirement of intensive services (identified by a recorded mechanical ventilation and/or a

14
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1 tracheostomy and/or extracorporeal membrane oxygenation procedure) and death (from all
2 causes). SIDIAP only reported death and hospitalization, whereas CU-AMC-HDC did not

3 report any outcome.

5 Datacharacterization and analysis

6 Analysiswas performed through a federated analysis approach.’® Following a pre-specified
7 analysisplan, acommon analytical code for the whole CHARYBDIS study was developed by
8 the OHDSI Methods library and run locally in each participating site (code available at
9  zenodo.org).” Individual-level data remained within host institutions and only aggregate
10 results were provided to the research team and publicly-shared. The results reported in this
11  manuscript, and additional data, are available for consultation on aregularly updated website
12 asnew databases and/or results are added

13  (https://data.ohdsi.org/Covid19CharacterizationCharybdis/).

14  Herein, we describe the lifetime cancer prevalence (recorded any time prior to the index date)
15  and the number of patientsincluded by database and cohort. Results are calculated and

16  reported by cohort and database. Demographics, cancer types, comorbidities, and outcomes
17  arereported as proportions (calculated as the number of persons within a given category,

18  divided by the total number of persons), along with 95%CI. To calculate these proportions, a
19  minimum count required of 5 individuals was established to minimize the risk of re

20 identification of patients.We also report the ranking of the 10 most common cancer types by
21  frequency. In addition, we summarized the prevalence of all the baseline conditions retrieved

22 inaManhattan-style plot.

23 To compare characteristics between study cohorts, we cal culated standardized mean
24  differences (SMD), with an SMD >|0.1] indicating a meaningful difference in the prevalence

25  of agiven condition.’® As this study was designed as a detailed descriptive study, statistical

15
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modelling was out of scope in the developed analytical packages. Therefore, differences

across the groups compared should not be interpreted as causal effects.

We used R version 3.6 for data visualization. All the data partners obtained Institutional

Review Board (IRB) approval or exemption to conduct this study.

Results

Lifetime cancer prevalence

Overal, the databases included in this study identified 906,691 patients diagnosed with
COVID-19 and 196,018 patients hospitalized with COVID-19. The lifetime cancer
prevalence ranged from 4% (HealthVerity) to 25% (STARR-OMOP) in all patients
diagnosed with COVID-19; whereas it ranged from 11% (HealthV erity) to 40%(VA-OMOP)
in all patients hospitalized with COVID-19 (Appendix Table A4). In addition, 242,960
patients hospitalized with seasonal influenzain 2017-2018 were identified. Among those, the

lifetime cancer prevalence ranged from 21% (Optum-EHR) to 39% (VA-OMOP).

We included 118,155 patients diagnosed (Spain: 8,854; US: 109,301) and 41,939 patients
hospitalized (Spain: 2,610; US: 39,329) with COVID-19 and history of cancer and 62,077

patients hospitalized (all from the US) with seasonal influenza and history of cancer.

Demogr aphics

The distribution of demographics, comorbidities and outcomes of both COVID-19 cohorts
can be found in Table 1 (95%CI of each condition available in Appendix Table A5). In the
diagnosed cohort, patients were more commonly female (range 53% to 55%), aside from

STARR-OMORP (47%) and VA-OMOP (7.1%). In contrast, in the hospitalized cohort, male
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predominated in all databases (range 50% to 60%, VA-OMOP: 96%). Overall, patients were
mainly aged above 65 years in both COVID-19 diagnosed and hospitalized cohorts and
patients hospitalized were consistently older than those diagnosed (Appendix Figure A2). In
the diagnosed cohort, the proportion of patients having received antineoplastic and
immunomodulating agents the month and the year prior to index date ranged from 5%
(HedlthVerity) to 23% (STARR-OMOP) and from 14% (SIDIAP) to 35% (CU-AMC-DHC),
respectively. Similarly, in the hospitalized cohort it ranged from 6% (HealthV erity) to 28%

(CU-AMC-DHC) and from 14% (SIDIAP) to 38% (CU-AMC-DHC), respectively.

Frequency of cancer types

For both COVID-19 cohorts, the frequency of the 26 selected cancer types can be consulted
in Appendix Table A6. The top ten cancer types by frequency are reported in Table 2. In the
COVID-19 diagnosed cohort, the most frequent cancers in four databases were breast
(SIDIAP: 14.2%; CU-AMC-HDC: 7.3%; Optum-EHR: 6.7%; and STARR-OMOP: 12.3%)
and prostate cancer (CUIMC: 6.1%; HealthVerity: 12.2%; IQVIA-OpenClaims: 7.1%; VA-
OMOP: 18.1%). In all databases, non-Hodgkin's lymphoma (NHL) was among the five most
common cancers. Bladder, colorectal, leukemia, and lung cancer were also common (among

the ten most frequent in at least 7 out of 8 databases).

In the COVID-19 hospitalized cohort, prostate cancer was the most frequent cancer in all
databases (ex aequo with NHL in CU-AMC-HDC, 6.4%), aside from Optum-EHR (breast
cancer, 6.4%), in which it was the second most frequent. NHL was among the three most
frequent cancers in all databases aside from SIDIAP and STARR-OMOP, where NHL was
the fifth most common. Leukemia, liver and lung cancer were also within the top tenin the

majority of databases. We did not observe meaningful differences (i.e. SMD >[0.1]) when
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comparing cancer types between the diagnosed and the hospitalized cohorts (Appendix

Figure A3).

Prior comorbidities

In both COVID-19 cohorts, the most common comorbidities were cardiometabolic
conditions, which were more frequent in the US databases (especially VA-OMOP) than in the
Spanish SIDIAP database. For example, hypertension ranged in the US from 52% to 87%
(Spain: 32%) among diagnosed and from 58% to 93% (Spain: 33%) among hospitalized
patients. Other common conditions include chronic obstructive pulmonary disease (COPD)
(rangein diagnosed: 12% to 43% (Spain: 34%), range in hospitalized: 11% to 53% (Spain:
42%)); and chronic kidney disease (range in diagnosed: 18% to 34% (Spain: 19%), range in
hospitalized: 20% to 44% (Spain: 24%)). The prevalence of the full range of prior conditions
summarized is shown in Figure 2. Several comorbidities were more frequent among patients
hospitalized compared to patients diagnosed (SMD>0.1): heart disease (all databases except
STARR-OMOP) and chronic kidney disease, hypertension and type 2 diabetes (all except

SIDIAP and STARR-OMOP) (Figure 3).

Thirty-day outcomes

In the COVID-19 diagnosed cohort, hospitalization rates in the US databases ranged from

14% to 40% (Spain: 25%) and occurrence of death from 8% to 10% (Spain: 14%).

In the COVID-19 hospitalized cohort, outcomes were heterogeneous across databases,
occurring less frequently in STARR-OMOP and more frequently in VA-OMOP. ARDS
ranged from 8% to 41%, although it was higher than 30% in 3 out of 6 databases with data
available (IQVIA-OpenClaims, Optum-EHR, VA-OMOP). Sepsis was also common, ranging

from 6% to 25%. Cardiovascular disease events and AKI ranged from 7% to 21% and from
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10% to 16%, respectively. Thromboembolic events were less frequent, with deep vein
thrombasis ranging from 2% to 5% and pulmonary embolism from 2% to 4%. Intensive
services requirement ranged from 6% to 16%, whereas occurrence of death ranged from 18%

to 26% in the US (Spain: 21%).

Comparison of patientswith a history of cancer hospitalized with COVID-19 to those

hospitalized with seasonal influenza

The characteristics of patients with a history of cancer hospitalized with seasonal influenza
are reported in Appendix Table A8. Overall, these patients were predominantly male and the
majority clustered around the ages of 60 to 85 years old (Appendix Figure A5). When
comparing the frequency of cancer types between COVID-19 and influenza patients, we did
not observe consistent differences across databases (Appendix Figure A4). The distribution of
comorbidities was similar in both groups, with few exceptions (Figure 2A). For example,
COPD was more common among patients with influenzain 3 databases: CU-AMC-HDC,
Optum-EHR and VA-OMORP (Figure 3A). Aside from CUIMC, outcomes were more
common in the COVID-19 cohort, especially ARDS, ranging from 16% to 41% in the
COVID-19 cohort and from 14% to 30% in the influenza cohort (SMD>0.2 in IQVIA-
OpenClaims and Optum EHR, SMD>0.1 in VA-OMOP). Occurrence of death was higher
among COVID-19 patients compared to influenza patientsin VA-OMOP: 18% vs 6

(SMD>0.2) (Figures 2B and 3B).

Discussion

In this multinational cohort study, we described in detail the characteristics of 118,155

patients with a history of cancer and COVID-19, including outcomes that have been rarely
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reported in this population. The lifetime cancer prevalence was higher among those
hospitalized compared to al those diagnosed with COVID-19. In both COVID-19 cohorts of
patients with history of cancer, the most frequent cancer type was either prostate or breast
cancer; hematological malignancies were also frequent. Comorbidities were common in both
cohorts but were higher among those hospitalized. Occurence of death ranged from 7% to
14% among those diagnosed and from 18% to 26% among those hospitalized. When
compared to patients with a history of cancer hospitalized with seasonal influenza, patients
hospitalized with COVID-19 had a similar distribution of sex, age and comorbidities but had

more severe outcomes.

According to recent estimates, the lifetime cancer prevalencein the USis 5%.'° In Spain, the
5-year cancer prevalence is 1.7% (data on the lifetime cancer prevalence is unavailable to our
knowledge).*® Although our results were heterogeneous, we found that the lifetime cancer
prevalence was higher among COVID-19 cases compared to the general population, ranging
from 4% to 25% in the diagnosed and from 11% to 40% in the hospitalized cohort. Even
though comparisons are limited due to differences in the definition of cancer, these
prevalences are also higher than prior reports on COVID-19 patients at hospital settings. In
early studies from China, less than 3% of inpatients with COVID-19 had cancer, whereas
studies from Europe and the US have reported a cancer prevalence of 6% to 11%.7%% A
Danish study, however, found a lifetime cancer prevalence among patients hospitalized with
COVID-19 of 17%, which isin line with our results.® Further, the lifetime cancer prevalence

was consistently higher in patients hospitalized compared to those diagnosed, which might

partially be due to the older age of the former.

The most lifetime-prevalent cancer typesin the US population are prostate (in men) and

breast (in women) cancer."® Two hematological malignancies are also frequent among cancer
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survivors: NHL is the fifth/sixth more frequent (men and women, respectively), whereas
leukemiais the ninth in men. We found that prostate and breast cancer were the most
frequent cancers in COVID-19 patients, which isin line with the general cancer population.
These cancer types were similarly common among diagnosed patients (where females
predominated slightly), whereas in hospitalized patients (where males were the majority),
prostate cancer was more frequent than breast cancer. On the other hand, hematol ogical
malignancies were more common than expected in our cohorts (both COVID-19 and
influenza). For example, in the COVID-19 hospitalized cohorts, NHL, leukemia and multiple
myeloma were among the third, fifth, and tenth more common cancers, respectively. Prior
studies have reported an overrepresentation of hematological malignanciesin COVID-19
patients compared to the general population.>?® Thisis of particular concernin light of
evidence suggesting that patients with hematological malignancies have an increased risk of
COVID-19 mortality compared to those with solid cancers.® The fact that hematological
malignancies were more common than expected in both the diagnosed and the hospitalized
COVID-19 cohorts raises questions on whether patients with these malignancies are more
exposed or more vulnerable to SARS-CoV-2 infection, or both. Because of the underlying
severity of their disease, patients with hematological malignancies are particularly at risk of

HAI ? and SARS-CoV-2 outbreaks have already been described in hematological units.?®

As expected, patients with ahistory of cancer were older and had more comorbidities than
overall COVID-19 cases. A meta-analysis comprising 12,149 COVID-19 cases (mostly
hospitalized) found hypertension (23%), heart failure (20%) and diabetes (12%) were the
most common comorbidities.” These numbers are substantially lower than what we have
observed. Similarly, a study characterizing COVID-19 inpatients found a prevalence of heart
disease of 27% in SIDIAP (vs 42% in this study), 29% in CUIMC (vs 77%) and 48% in VA-

OMOP (vs 80%)."* Compared to studies reporting comorbidities among patients with cancer,

21


https://doi.org/10.1101/2021.01.12.21249672
http://creativecommons.org/licenses/by/4.0/

medRxiv preprint doi: https://doi.org/10.1101/2021.01.12.21249672; this version posted January 15, 2021. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

It is made available under a CC-BY 4.0 International license .

we also found higher prevalences of comorbidities. For example, chronic kidney disease
(range 20-44%), diabetes (23-59%) and obesity (26-60%) were higher in our hospitalized
cohort than in a study including COVID-19 inpatients with a history of solid cancer (16%,
22% and 10% had chronic kidney disease, diabetes and obesity, respectively).?® In addition,
we observed that heart disease, chronic kidney disease and type 2 diabetes were meaningfully
higher among those hospitalized compared to those diagnosed. These conditions have been
previously reported as potential risk factors for hospitalization, increased severity and
mortality among COVID-19 cases.® The role of comorbidities should be taken into
consideration when designing future studies assessing the effect of cancer on COVID-19-
related health outcomes, as failing to adjust for some comorbidities or adjusting for others
(over-adjustment) could lead to confounding and/or selection bias given the high comorbidity

burden.

According to the World Health Organization, in June 2020 the case-fatality ratio among
confirmed COVID-19 cases was 11.4% in Spain and 5.0% in the US,* which is lower than
the all-cause mortality observed both in the diagnosed (Spain: 14%, US: 8-10%) and
hospitalized (Spain: 21%, US: 18-26%) cohorts. A meta-analysisincluding 18,650 patients
with cancer and COVID-19 (mostly from the hospital setting) reported a pooled case
mortality rate of 25.6% (95% Cl: 22.0-29.5%),* in line with our findings in the hospitalized
cohort. Undoubtedly, increased age and underlying comorbidities play a substantial rolein

COVID-19 related mortality among these patients.

Finally, we have compared patients with cancer history hospitalized with COVID-19 to those
with seasonal influenza as a benchmark. We previously showed that COVID-19 patients are
more often male, younger and less likely to have respiratory and cardiovascular diseases than

influenza patients.™ Interestingly, we have observed that COVID-19 and influenza patients
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with ahistory of cancer have asimilar sex and age distribution and are of comparable health
status. Despite this similarity, patients with cancer history and COVID-19 had worse
outcomes than those with cancer history and influenza, including mortality, intensive services
requirements, ARDS and thromboembolic events, which might be expected given the

virulence of the disease.

This study has many magjor strengths, such as its large size. We have reported more than
10,000 aggregate characteristics from more than 100,000 patients from eight different
databases and two countries. The diverse healthcare settings and populations described in this
study, together with our multinational approach, increases the generalizability of our findings.
Further, as CHARYBDIS is an ongoing study, we expect that more databases from a range of
countries will provide sufficient data on the cancer population as the pandemic evolves. By
including only individuals with at least one year of observation time available prior to index
date, we have comprehensively captured baseline comorbidities, which could explain the
higher prevalence of selected comorbiditiesin our cohorts compared to prior studies. In
addition, we have ensured confidentiality throughout the study using afederated analysis
approach. Finally, for the purposes of transparency and reproducibility, our methods, tools,

and results are all publicly available.

However, this study also has several limitations. First, we were not able to provide detailed
cancer information, such asthe year of cancer diagnosis or stage of tumour at diagnosis; nor
identify patients with active cancer treatment, and we were not able to characterize patients
stratified by cancer types due to small sample sizes. Secondly, although we included patients
with aclinical COVID-19 diagnosis to reduce selection bias due to testing restrictions during
the first months of the pandemic, we cannot exclude that we have incurred some false
positives. Additionally, we did not have information on the cause of death and reported all-

cause death as an outcome. Third, the differences found in the COVID-19/seasonal influenza
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comparison may have been influenced by temporal changesin clinical practice standards and
coding. Further, the use of influenza vaccination among high-risk population groups likely
contributed to the observed low proportion of adverse events among influenza patients.
Finally, we found heterogeneous results across databases, which hinders the interpretation of
our findings. Heterogeneity across data sources is a known phenomenon when using real-
world data that reflects the existence of different coding practices, observation period,
healthcare settings and populations. Indeed, the fact that the percentages of several cancer
types were very low in some databases might be explained by differencesin coding practices
across data sources (i.e. some codes might be more widely used in some databases than
others). Similarly, the use of routinely-collected data could have led to an underestimation of
the lifetime cancer prevalence, cancer types, comorbidities, and outcomes due to incomplete
reporting. While the interpretation of heterogeneous results is challenging, these also provide
valuable insights into the particularities of each each setting, which is the objective of
generalizability of real world data for certain populations. Y et, despite this heterogeneity, we
found consistent patterns when comparing characteristics across cohorts, which lends

credence to our results.

Conclusion

This in-depth characterization revealed that COVID-19 patients with a history of cancer are
mostly aged above 65 years old and have amyriad of comorbidities that may explain the high
frequency of severe COVID-19-outcomes observed in this population. In addition, we found
that hematol ogical malignancies were more frequent than expected. These findings are
foundational for guiding future studies and highlight the importance of protecting patients

with cancer while guaranteeing cancer care continuity during the pandemic.
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Table 1. Demographics, comor bidities and outcomes among patients with a history of cancer diagnosed and hospitalized with COVID-19

Patients with history of cancer diagnosed with COVID-19

Patients with history of cancer hospitalized with COVID-19

IQVIA- IQVIA-
Ac,:VIUé_ Health ~ Open  Optum- grapp.  VA- ACMUC-:_ Health ~ Open  Optum- grapnp.  VA-
SIDIAP HDC CUIMC  Verity Claims EHR OMOP OMOP | SIDIAP HDC CUIMC  Verity Claims EHR OMOP OMOP
Characteristic, in % n=8,854 n=806 n=1433 n=4857 n=72,994 n=17,630 n=821 n=10,760 | n=2,610 n=265 n=561 n=797 n=29,628 n=4,451 n=244 n=3,383
Tested positive 51.7 - 67.1 61.0 - 37.6 113 52.0 76.0 - 89.8 489 - 47.2 39.7 323
Sex
Female 53.9 53.0 54.7 53.7 53.2 59.0 47.0 7.1 39.7 46.8 46.3 50.1 46.8 50.5 41.8 3.6
Mae 46.1 47.0 45.3 46.3 46.8 41.0 53.0 929 60.3 53.2 53.7 49.9 53.2 49.5 58.2 96.4
Antineoplastic and
immunomodulating
agents
The month prior 10.9 225 12.3 5.4 9.5 6.1 18.8 12.0 10.8 28.3 14.6 5.9 10.6 113 18.9 14.2
The year prior 13.6 351 24.6 20.3 17.8 16.5 31.9 21.5 13.7 37.7 26.0 18.6 19.8 217 29.9 24.1
Comor bidities
Asthma 4.7 15.4 20.5 9.9 185 20.3 14.3 10.8 39 12.1 22.8 10.0 17.0 16.4 16.4 9.9
COPD 337 23.7 19.8 17.3 281 18.1 11.9 43.3 415 29.4 28.2 314 337 28.0 111 53.2
Type 2 digbetes 17.8 26.9 38.0 317 52.2 30.2 22.0 50.3 225 36.2 55.1 43.0 59.4 40.7 23.8 58.7
Hyperlipidemia 22.8 38.7 30.8 40.1 40.0 444 38.7 58.8 24.6 42.3 38.0 48.4 431 48.7 44.3 61.2
Obesity 41.8 49.3 52.8 21.8 36.0 59.6 40.0 52.7 47.8 52.1 57.0 25.7 385 59.9 39.8 534
Heart disease 34.3 50.0 62.8 39.9 72.7 51.1 40.8 71.4 416 59.2 76.5 60.9 79.6 63.4 455 79.1
Hypertension 33.2 60.2 70.0 58.1 83.6 61.2 52.4 86.7 37.3 69.4 83.1 744 89.5 73.2 58.2 92.8
Anxiety 24.2 19.1 12.2 135 13.8 18.0 16.6 311 19.3 18.1 10.7 19.4 13.3 175 18.9 30.1
Dementia 10.7 58 11.0 7.1 21.4 6.8 17 14.3 7.2 75 21.2 15.8 21.8 11.1 - 237
32

" 3SUBII| [eUONRUIBIU| 0'F AG-DD © Japun a|qe|ieAe apew Si ]|

‘Aimadiad ui uudaid ayy Aejdsip 01 asuadl| e Alxygpaw pajuelb sey oym ‘1apunyioyine ayl si (mainal 1aad Ag paljilied 10U sem yaiym)
juudald siyy Joy Japjoy ybuAdos ay] Tzoz ‘ST Atenuer paisod UOISIBA SIY] ‘2/96%2T2 2T T0 T202/TOTT 0T/6.40°10p//:sdny :10p wiidaid Aixypaw


https://doi.org/10.1101/2021.01.12.21249672
http://creativecommons.org/licenses/by/4.0/

o OR~hW DN P

Note: - indicates data not available or below the minimum cell count required (5 individuals), NA indicates not applicable.

Abbreviations: COVID-19: Coronavirus disease 2019; COPD: Chronic Obstructive Pulmonary Disease; ARDS: Acute Respiratory Distress Syndrome; AKI: Acute Kidney
Injury; SIDIAP: Information System for Research in Primary Care; CU-AMC-HDC: Colorado University Anschutz Medical Campus Health Data Compass; CUIMC:
Columbia University Irving Medical Center; STARR-OMOP: Stanford Medicine Research Data Repository; VA-OMOP:Department of Veterans Affairs
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1 Table2. Top 10 cancer types among patientswith a history of cancer diagnosed and hospitalized with COVID-19

2

Rank

SIDIAP
n=8,854
Cancer | % (95%Cl)
14.2
Breast
(13.5-14.9)
104
Colorrectd
(9.8-11.0)
9.4
Prostate
(8.8-10.0)
6.4
Bladder
(5.9-6.9)
30
NHL
(2.6-3.4)
29
Melanoma
(2.6-3.2)
. 2.7
Leukemia
(2.4-3.0)

CU-AMC-HDC
n=806
%
Cancer (95%Cl)
73
(5.5-9.1)
Prostate '
(5.1-8.5)
5.0
HL
(3.5-6.5)
38
Lung
(25-5.1)
. 33
Leukemia
(2.1-4.5)
30
Melanoma
(1.8-4.2)
29
Colorrectal
(1.7-4.2)

Patients with a history of cancer diagnosed with COVID-19

CUuIMC
n=1,433
%
Cancer (95%Cl)
52
Prostate
(4.0-6.4)
54
NHL
(4.2-6.6)
52
Breast
(4.0-6.4)
) 44
Leukemia
(3.3-5.5)
. 33
Liver
(24-4.2)
31
Lung
(2.2-4.0)
Multiple 31
myeloma | (2,2-4.0)

HealthVerity IQVIA-OpenClaims
n=4,857 n=72,994
% %
Cancer | ggcry G (gs0ec)
12.2 7.1
Prostate Prostate
(11.3-13.1) (6.9-7.3)
115 6.0
Breast Breast
(10.6-12.4) (5.8-6.2)
46 35
NHL NHL
(4.0-5.2) (3.4-3.6)
39
2.7
Colorrectd | (3.4-4.4) Lung
(2.6-2.8)
. 35 . 2.6
Thyroid Leukemia
(3.0-4.0) (25-2.7)
2.6
. 238
Leukemia Colorrectd | (2.5-2.7)
(23-3.3)
27 17
Lung Bladder
(22-3.2) (1.6-1.8)

Optum-EHR
n=17,630
%
Cancer (95%Cl)
6.7
Breast
(6.3-7.1)
4.9
Prostate (4.6-5.2)
37
Uterus
(3.4-4.0)
Llp, ora 37
cavity and
pharynx (3.4-4.0)
26
NHL
(2.4-2.8)
23
Leukemia
(2.1-2.5)
22
Lung
(2.0-2.4)

STARR-OM OP VA-OMOP
n=821 n=10,760
% o o
Cancer (95%Cl) Cancer | % (95%Cl)
12.3 18.1
Breast
(10.0-14.6) (17.4-18.8)
10.2 3.9
Prostate ung
(8.1-12.3) (35-4.3
. 7.7 3.8
Liver NHL
(5.9-9.5) (3.4-4.2)
6.9 33
Lung Bladder
(5.2-8.6) (3.0-3.6)
58 Lip, oral 29
NHL cavity and
(4.2-7.4) pharynx (2.6-3.2)
. 5.2 . 2.6
Thyroid Leukemia
(3.7-6.7) (2.3-2.9)
LiP| ord 49 26
cavity and Colorrectd
pharynx (3.4-6.4) (2.3-2.9)
A
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25
8 Uterus
(2.2-2.8)
. 24
9 Kidney
(21-2.7)
Lip, oral 14
10 | cavity and
pharynx (12-1.6)
SIDIAP
n=2,610
Rank
%
Cancer
(95%Cl)
12.8
1 Prostate
(11.5-14.1)
11.9
2 Colorecta
(10.7-13.1)
9.4
3 Breast
(8.3-10.5)
85
4 Bladder
(7.4-9.6)
4.3
5 NHL
(35-5.1)

Multiple 2.5
myeloma | (1.4-3.6)
22
Bladder
(1.2-32)
, 2.2
Thyroid
(1.2-3.2)
CU-AMC-HDC
n=265
%
Cancer (95%Cl)
6.4
NH
(35-9.3)
6.4
Prostate
(35-9.3)
6.0
Lung
(3.1-8.9)
Multiple 42
myeloma | (1.8-6.6)
. 4.2
Leukemia
(1.8-6.6)

2.7 25 Multiple 1.6 18
Colorrecta Bladder Colorrecta
(1.9-35) (21-29)  Mmyeloma  (1517) (1.6-2.0)
20 i 21 15 15
Uterus Multiple Liver Thyroid
(1.3-27) | myeloma = (1.7-25) (14-16) (1.3-17)
. 18 . 21 . 14 14
Kidney Kidney Kidney Bladder
(1.1-25) (1.7-2.5) (1.3-1.5) (1.2-1.6)
Patients with a history of cancer hospitalized with COVID-19
CUIMC HealthVerity IQVIA-OpenClaims Optum-EHR
n=561 n=797 n=29,628 n=4,451
Cancer % Cancer % Cancer % Cancer %
(95%Cl) (95%Cl) (95%Cl) (95%Cl)
7.7 10.8 8.5 6.4
Prostate Prostate Prostate Breast
(5.5-9.9) (8.6-13.0) (8.2-8.8) (5.7-7.2)
6.4 9.2 54 6.0
NHL Breast Breast Prostate
(4.4-8.4) (7.2-11.2) (5.1-5.7) (5.3-6.7)
4.1 74 45 4.2
Leukemia NHL NHL NHL
(25-5.7) (5.6-9.2) (4.3-4.7) (3.6-4.8)
37 5.0 4.0 3.6
Lung Colorectal Lung Lung
(2.1-53) (356.5) (38-4.2) (3.1-4.1)
_ 36 _ 41 _ 35 Lip, ordl 35
Liver Leukemia Leukemia cavity and
(21-5.1) (2.7-5.5) (3.3-3.7) pharynx (3.0-4.0)

. 38
Leukemia
(25-5.1)
37
Colorrecta | (2.4-5.0)
32
Bladder
(2.0-4.4)
STARR-OMOP
n=244
%
Cancer (95%Cl)
10.7
Prostate
(6.8-14.6)
Li P, ord 90
cavity and
pharynx | (54-12.6)
9.0
Lung
(5.4-12.6)
74
Breast
(4.1-10.7)
. 6.6
Liver
(35-9.7)

. 25
Kidney
(2.2-2.8)
. 18
Liver
(1.5-2.1)
13
Larynx
(1.1-1.5)
VA-OMOP
n=3,383
%
Cancer
(95%Cl)
194
Prostate
(18.1-20.7)
5.7
Lung
(4.9-6.5)
4.6
NHL
(3.9-5.3)
39
Bladder
(3.2-4.6)
. 33
Leukemia
(2.7-3.9)
35
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Leukemia

Kidney

Melanoma

Uterus

Liver

42
(3.4-5.0)

238
(2.2-3.4)

23
(1.7-2.9)

18
(1.3-2.3)

15
(1.0-2.0)

38
Breast 1561
, 38

Liver
(156.1)

Colorectal

Multiple
myeloma

Breast

Central
nervous
system

Uterus

34
(1.9-4.9)

34
(1.9-4.9)

32
(1.7-47)

20
(0.8-3.2)

18
(0.7-2.9)

Lung

Multiple
myeloma

Bladder

Uterus

Lip, ora
cavity and
pharynx

40
(2.6:5.4)

34
(2.1-4.7)

30
(1.84.2)

28
(1.7-39)

25
(1.4-3.6)

Colorecta

Liver

Multiple
myeloma

Bladder

Kidney

Notes: - indicates data not available. A single individual can have multiple cancer types records.
Abbreviations: COVID-19: Coronavirus disease 2019; SIDIAP: Information System for Research in Primary Care; CU-AMC-HDC: Colorado University Anschutz Medical

Campus Health Data Compass, CUIMC: Columbia University Irving Medical Center; STARR-OMOP: Stanford Medicine Research Data Repository; VA-

OMOP:Department of Veterans Affairs; NHL: Non-Hodgkin's lymphoma

30
(2.832)

22
(2.0-2.4)

22
(2.0-2.4)

20
(1.8-22)

17
(1.6-1.8)

Leukemia

Uterus

Liver

Colorecta

Bladder

34
(2.9-3.9)

30
(2.5-35)

27
(2.2-32)

25
(2.0-3.0)

24
(2.0-2.8)

Thyroid

Pancreas

Leukemia

Oropharynx

6.1
(3.1-9.1)

53
(25-8.1)

49
(2.2-76)

4.5
(1.9-7.1)

Colorecta

Liver

Lip, ord
cavity and
pharynx

Kidney

Multiple
myeloma

32
(2.6-3.8)

28
(2.2-3.4)

28
(2.2-3.4)

27
(2.2-32)

18
(1.4-2.2)
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1 Figurel. Prevalence of baseline conditions among patients with a history of cancer diagnosed and hospitalized with COVID-19.
2  Each dot represents one of these conditions with the colour indicating the type of condition.
SIDIAP CU-AMC-HDC CuUIMC HealthVerity IQVIA-OpenClaims Optum-EHR STARR-OMOP VA-OMOP
b N of conditions = 2830 N of conditions = 1372 N of conditions = 2082 N of conditions = 3705 N of conditions = 12170 N of conditions = 11584 N of conditions = 1296 N of conditions = 8277
(]
754 { q°
L] . o8 =]
& e ] =
@ -
2 5 S s 8 < £ ! fo8 ) T Leds
) !0 e . & @
25- ;
SIDIAP CU-AMC-HDC CuUIMC HealthVerity IQVIA-OpenClaims Optum-EHR STARR-OMOP VA-OMOP
100 N of conditions = 1856 N of conditions = 669 N of conditions = 1367 N of conditions = 1893 N of conditions = 11190 N of conditions = 4319 N of conditions = 516 N of conditions = 3819
xI
8 ]
8 e B
° 5
.:~ 3
]
Covariates
Blood disease Digestive disease @ Eye disease ® |nfection ® Neoplasm ® Skin disease
group Cardiovascular disease ® Endocrine or metabolic disease ®  Genitourinary disease @ Injury and poisoning @ Nerve disease and pain @  Soft tissue or bone disease
o Congenital disease ENT disease ® latrogenic condition  © Mental disease ® Respiratory disease ® Uncategorised
3 Notes: only conditions meeting the minimum count requirement (5 individuals) are shown.
4 Abbreviations: COVID-19: Coronavirus disease 2019; SIDIAP: Information System for Research in Primary Care; CU-AMC-HDC: Colorado University Anschutz Medical
5  Campus Health Data Compass; CUIMC: Columbia University Irving Medical Center; STARR-OMOP: Stanford Medicine Research Data Repository; VA-OMOP:
6  Department of Veterans Affairs.
7
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Figure 2. Standar dized mean differences of selected baseline conditions between patientswith a history of cancer diagnosed and
hospitalized with COVID-19.

SMD<0 indicates that the prevalence was greater in patients diagnosed, SMD>0 indicates that the prevalence was greater in patients
hospitalized.

SIDIAP | cuamchoc || cuimc | HealthVerity IQVIA-OpenClaims Optum-EHR STARR-OMOP VA.OMOP
Chronic kidney disease 1 L. —e —e | — —e N e —e
yperensiont | [+ —~ — — - — e — -
Heart disease | e o ——e e e e - e 2
Type 2 diabetes - - —- ——- —-- —- —-- e —- %
aemial 1} — - o - — = —
coPD; | - — — = — q — 5
Autoimmune condition - PR T — e o ol - e g
ypetipicemial | o - = =
Obesity - ] o re! LR o p P e b o
Antineoplastic agents, year prior- ' - - - 0 —4 - 0 8
Chronic liver disease - o = Lo — o e - e 2
Antineoplastic agents, month prior- e - e b o ! e X - -g
Dementia- -— * —'-0 —'-' ' —' —* %
Depression; o ! Ky — ~ K o e o 5
Anxiety 1 Ll . o — L L. e e S
Asthma- Lol | - L s Lol ol . E s
03 0 03 03 0 03 03 0 03 203 0 03 03 "0 03 03 0 03 03 0 03 03 0 03 %
@

Notes: SMD were calculated for cancer types meeting the minimum count required (5 individuals) in each database and cohort. Cancer types ordered according to SMD
descending valuesin the largest database (1QVIA-OpenClaims). Red-dotted linesindicate a SMD of [0.1].

Abbreviations; COVID-19: Coronavirus disease 2019; COPD: Chronic Obstructive Pulmonary Disease; ARDS: Acute Respiratory Distress Syndrome; AKI: Acute Kidney
Injury; CU-AMC-HDC: Colorado University Anschutz Medical Campus Health Data Compass; CUIM C: Columbia University Irving Medical Center; STARR-OMOP:
Stanford Medicine Research Data Repository; VA-OMOP:Department of Veterans Affairs, SMD: Standardized Mean Difference
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Figure 3. Baseline comor bidities and 30-day outcomes among patients with a history of cancer hospitalized with COVID-19 and with
seasonal influenza

A. Proportion of selected baseline comorbidities, in %
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1 B. Proportion of 30-day outcomes, in %
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Figure 4. Standar dized mean differences of selected baseline conditions and 30-day outcomes between patientswith a history of cancer
hospitalized with COVID-19 and with seasonal influenza.

SMD <0 indicates that the prevalence was greater in patients with seasonal influenza, SMD>0 indicates that the prevalence was greater in
patients hospitalized.
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1 B. 30 day-outcomes
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4 Notes: SMD were calculated for conditions and outcomes meeting the minimum count required (5 individuals) in each database and cohort..Comorbidities and outcomes
5  ordered according to SM D descending valuesin the largest database (IQVIA-OpenClaims). Red-dotted lines indicate a SMD of |0.1].
6  Abbreviations: COVID-19: Coronavirus disease 2019; COPD: Chronic Obstructive Pulmonary Disease; ARDS: Acute Respiratory Distress Syndrome; AKI: Acute Kidney
7 Injury; CU-AMC-HDC: Colorado University Anschutz Medical Campus Health Data Compass; CUIM C: Columbia University Irving Medical Center; STARR-OMOP:
8 Stanford Medicine Research Data Repository; VA-OMOP:Department of Veterans Affairs; SMD: Standardized Mean Difference
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Figurelegends

Figure 1. Prevalence of baseline conditions among patientswith a history of cancer
diagnosed and hospitalized with COVID-19.

Each dot represents one of these conditions with the colour indicating the type of condition.

Notes: only conditions meeting the minimum count requirement (5 individuals) are shown.
Abbreviations. COVID-19: Coronavirus disease 2019; SIDIAP: Information System for
Research in Primary Care; CU-AMC-HDC: Colorado University Anschutz Medical Campus
Health Data Compass; CUIMC: Columbia University Irving Medical Center; STARR-
OMORP: Stanford Medicine Research Data Repository; VA-OMOP: Department of Veterans

Affairs.

Figure 2. Standar dized mean differences of selected baseline conditions between
patients with cancer diagnosed and hospitalized with COVID-19.
SMD<0 indicates that the prevalence was greater in patients diagnosed, SMD>0 indicates

that the prevalence was greater in patients hospitalized.

Notes: SMD were calculated for cancer types meeting the minimum count required (5
individuals) in each database and cohort. Cancer types ordered according to SMD descending
valuesin the largest database (IQV IA-OpenClaims). Red-dotted lines indicate a SMD of

0.1].

Abbreviations: COVID-19: Coronavirus disease 2019; COPD: Chronic Obstructive

Pulmonary Disease; ARDS: Acute Respiratory Distress Syndrome; AKI: Acute Kidney
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1 Injury; CU-AMC-HDC: Colorado University Anschutz Medical Campus Health Data
2 Compass, CUIMC: Columbia University Irving Medical Center; STARR-OMOP: Stanford
3  Medicine Research Data Repasitory; VA-OMOP:Department of Veterans Affairs; SMD:

4  Standardized Mean Difference

6 Figure 3. Baseline comor bidities and 30-day outcomes among patientswith history of

7  cancer hospitalized with COVID-19 and with seasonal influenza

8 A. Proportion of selected baseline comorbidities, in %
9 B. Proportion of 30-day outcomes, in %
10

11 Notes: Comorbidities and outcomes are shown if meeting the minimum count required (5
12 individuals) in each database and cohort. Comorbidities and outcomes ordered according to
13  descending valuesin the largest database (IQVIA-OpenClaims).

14  Abbreviations: COVID-19: Coronavirus disease 2019; COPD: Chronic Obstructive

15  Pulmonary Disease; ARDS: Acute Respiratory Distress Syndrome; AKI: Acute Kidney

16  Injury; CU-AMC-HDC: Colorado University Anschutz Medical Campus Health Data

17 Compass, CUIMC: Columbia University Irving Medical Center; STARR-OMOP: Stanford
18  Medicine Research Data Repository; VA-OMOP:Department of Veterans Affairs

19

20 Figure4. Standardized mean differences of selected baseline conditions and 30-day
21  outcomes between patientswith a history of cancer hospitalized with COVID-19 and
22 with seasonal influenza.

23 SMD <0 indicates that the prevalence was greater in patients with seasonal influenza,

24  SMD>0 indicates that the prevalence was greater in patients hospitalized.
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1 B. 30 day-outcomes

3 Notes: SMD were calculated for conditions and outcomes meeting the minimum count

4  required (5 individuals) in each database and cohort..Comorbidities and outcomes ordered

5 according to SMD descending values in the largest database (IQVIA-OpenClaims). Red-

6 dotted linesindicate a SMD of |0.1].

7  Abbreviations: COVID-19: Coronavirus disease 2019; COPD: Chronic Obstructive

8  Pulmonary Disease; ARDS: Acute Respiratory Distress Syndrome; AKI: Acute Kidney

9  Injury; CU-AMC-HDC: Colorado University Anschutz Medical Campus Health Data
10 Compass, CUIMC: Columbia University Irving Medical Center; STARR-OMOP: Stanford
11  Medicine Research Data Repository; VA-OMOP:Department of Veterans Affairs; SMD:
12  Standardized Mean Difference
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