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A B S T R A C T   

Background: The early COVID-19 literature suggested that people with cancer may be more likely to be infected 
with SARS-CoV-2 or develop COVID-19 than people without cancer, due to increased health services contact 
and/or immunocompromise. While some studies were criticised due to small patient numbers and methodo-
logical limitations, they created or reinforced concerns of clinicians and people with cancer. These risks are also 
important in COVID-19 vaccine prioritisation decisions. We performed a systematic review to critically assess 
and summarise the early literature. 
Methods and findings: We conducted a systematic search of Medline/Embase/BioRxiv/MedRxiv/SSRN databases 
including peer-reviewed journal articles, letters/commentaries, and non-peer-reviewed pre-print articles for 1 
January–1 July 2020. The primary endpoints were diagnosis of COVID-19 and positive SARS-CoV-2 test. We 
assessed risk of bias using a tool adapted from the Newcastle-Ottawa Scale. 
Twelve studies were included in the quantitative synthesis. All four studies of COVID-19 incidence (including 
24,181,727 individuals, 125,649 with pre-existing cancer) reported that people with cancer had higher COVID- 
19 incidence rates. Eight studies reported SARS-CoV-2 test positivity for > 472,000 individuals, 48,370 with pre- 
existing cancer. Seven of these studies comparing people with any and without cancer, were pooled using 
random effects [pooled odds ratio 0.91, 95 %CI: 0.57–1.47; unadjusted for age, sex, or comorbidities]. Two 
studies suggested people with active or haematological cancer had lower risk of a positive test. All 12 studies had 
high risk of bias; none included universal or random COVID-19/SARS-CoV-2 testing. 
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Conclusions: The early literature on susceptibility to SARS-CoV-2/COVID-19 for people with cancer is charac-
terised by pervasive biases and limited data. To provide high-quality evidence to inform decision-making, studies 
of risk of SARS-CoV-2/COVID-19 for people with cancer should control for other potential modifiers of infection 
risk, including age, sex, comorbidities, exposure to the virus, protective measures taken, and vaccination, in 
addition to stratifying analyses by cancer type, stage at diagnosis, and treatment received.   

1. Introduction 

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) was 
first reported to infect humans in Wuhan, China in December 2019. 
Infection with SARS-CoV-2 can lead to the development of coronavirus 
disease (COVID-19) which was declared a pandemic on 11 March 2020. 
COVID-19 has a wide range of presentations, from mild disease to severe 
pneumonia and respiratory distress requiring hospitalisation and me-
chanical ventilation, organ failure, and death. 

The pandemic has presented unprecedented challenges to health 
care systems, public health agencies, governments, and populations, 
raising concerns about the safety of vulnerable groups, including people 
with cancer. In particular, there have been concerns that people with 
cancer may be at higher risk of developing COVID-19 due to increased 
exposure to SARS-CoV-2 (e.g. visiting high-risk settings such as hospi-
tals), and/or increased susceptibility due to compromised immune re-
sponses resulting from either cancer itself and/or cancer treatment. 
People with cancer who developed COVID-19 were also hypothesised to 
be at higher risk of progressing to severe disease and death. Further, 
people with lung cancer may be at an elevated risk of developing COVID- 
19 and progressing to severe disease due to existing lung damage and 
reduced lung capacity, and those with haematological cancer may be at 
higher risk due to the direct effects of cancer on the immune system. 

Early studies such as Liang et al. [1] (published 14 Feb 2020) and Yu 
et al. [2] (published 25 Mar 2020) did indeed report a higher risk of 
developing COVID-19 among people with cancer. However, as noted in 
later commentaries [3–5], these studies were based on only 12 and 18 
people with cancer, respectively, and did not account for differences in 
age or comorbidities. 

Given the critical role of early evidence in decision-making during 
the pandemic, we conducted a systematic review of studies published in 
the first months of the pandemic (to 1 July 2020) to address the ques-
tion, “Are people with a pre-existing cancer diagnosis more likely to 
contract SARS-CoV-2 or develop COVID-19 than the general population 
or people without a pre-existing diagnosis of cancer?”. We also con-
ducted a separate systematic review, reported in a companion article, to 
examine the early evidence for whether people with cancer who 
developed COVID-19 were at higher risk of death. 

The aim of this systematic review was to synthesise and critically 
examine the early evidence. To aid interpretation of this evidence, we 
also characterise sources of bias and other methodological limitations, 
and examine how these impacted the results. 

2. Methods 

The protocol for this systematic review was registered on PROSPERO 
(CRD42020191913). 

2.1. Definitions and eligibility criteria 

We were initially interested in the effect of a previous cancer diag-
nosis on susceptibility to COVID-19, the symptomatic disease resulting 
from infection with SARS-CoV-2. However, some studies referred to 
people with asymptomatic SARS-CoV-2 infection as having COVID-19. 
Due to limitations in the early studies, we also considered studies that 
assessed SARS-CoV-2 positivity without quantifying the proportion of 
people who were asymptomatic. 

Cohort or cross-sectional studies reporting incidence of COVID-19, or 

SARS-CoV-2 test positivity for people with cancer (exposed) compared 
to people without cancer or the general population in published journal 
articles or preprints were eligible for inclusion. 

Incidence was defined as the proportion of people newly diagnosed 
with COVID-19. The ideal study would be one in which the entire 
population underwent testing, or a selected representative cohort was 
tested periodically, with adjustments made for potential contact with 
the virus, and extensive information recorded on potential modifiers and 
confounders. Such studies were not identified. Rather the available 
studies reported the incidence of COVID-19 or SARS-CoV-2 infection for 
populations in which not everyone was tested and testing was not 
random. Test positivity was defined as the proportion of SARS-CoV-2 
positive cases amongst those who were tested. 

Eligible exposures were previous diagnosis of any cancer, active 
cancer (cancer diagnosed or treated in the last year, or described as 
active), or specifically lung cancer or haematological cancer (in line 
with biological hypotheses suggesting higher risks for people with these 
cancer types). Where the exposure was described as cancer with no 
further details provided, we classified this as “any cancer”. 

2.2. Information sources and search strategy 

On 3 July 2020, all Medline and Embase databases were searched for 
English-language articles published 1 January-1 July 2020, by 
combining text terms for COVID-19 and cancer or comorbidities (Sup-
plementary Table 1). We also searched BioRxiv and MedRxiv (based on 
all preprints on COVID-19 or SARS-CoV-2 listed on https://connect.bio 
rxiv.org/relate/content/181) and the SSRN website (https://www.ssrn. 
com/index.cfm/en/coronavirus/) for abstracts mentioning cancer or 
comorbidities posted during the same period. Reference lists of included 
articles and systematic reviews identified in the searches were checked 
for additional potentially relevant studies. 

2.3. Selection process 

Titles and abstracts of published articles were screened by two re-
viewers (CC or DC) with 10 % assessed by both to check concordance. 
Titles and abstracts of pre-prints were screened by a single reviewer 
(SH). The full texts of potentially relevant articles were independently 
assessed for inclusion by teams of two reviewers (CC, DC, VF, or SH) 
using pre-specified selection criteria. Discrepancies between reviewers 
were resolved by consensus or adjudication by a third reviewer. When 
there was both a preprint and published version of the same study 
available before 1 July 2020, only the published version was included. 

2.4. Data collection 

Pre-specified data items were extracted from each included study 
independently by teams of two reviewers (CC, DC, VF, or SH), using a 
form developed and tested for this purpose. Differences in extracted data 
between reviewers were resolved by consensus or adjudication by a 
third reviewer. 

The following characteristics and data were extracted: study design, 
country, publication status and type, population characteristics, setting, 
recruitment period, definitions of exposure and comparator, method of 
SARS-CoV-2 detection or COVID-19 diagnosis, frequencies with and 
without the exposure and outcome and, where reported, the effect es-
timate and its 95 % confidence interval (CI) and covariates included in 
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analyses. 

2.5. Study risk of bias assessment 

Risk of bias of included studies was assessed using a modified version 
of the Newcastle-Ottawa Scale adapted to assess the risk of bias of 
observational aetiological cohort studies (Supplementary Table 2) [6]. 
Risk of bias for each study included in the quantitative synthesis was 
evaluated independently by teams of two reviewers (CC, DC, VF, or SH). 
We assessed cohort selection, nature and measurement of exposure and 
outcome, completeness of and differences in follow up, exclusions due to 
missing data, and if applicable, control of confounding; where possible, 
we used the effect estimate adjusted for the largest number of covariates. 
Age, sex, access to testing, exposure to high-risk settings and comor-
bidities were considered important confounders. Differences in ratings 
between reviewers were resolved by consensus or adjudication by a 
third reviewer. An overall rating was assigned to each study: ’high’ if 
high risk of bias in any domain, ‘moderate’ if moderate risk of bias in one 
or more domains and not high risk in any domains, or ‘low’ if low risk of 
bias in all domains. 

2.6. Effect measures 

Effect estimates for the association between a pre-existing cancer 
diagnosis and the incidence of COVID-19 or SARS-CoV-2 test positivity 
were adjusted and/or unadjusted odds ratios (ORs) and 95 % CIs (no 
study reported hazard ratios or relative risks). When ORs were not re-
ported for a study, we calculated unadjusted ORs and 95 % CIs from 
exposure-outcome cross tabulations with 0.5 added to each cell when 
there were zero cells [7]. Unadjusted rate ratios were calculated for 
studies with a general population comparator. 

2.7. Data synthesis 

All analyses were conducted separately for combinations of effect 
measure, exposure, and comparator for both outcomes. If different 
studies reported overlapping study samples, only the study with the 
largest number of people with cancer was included. Articles with 
insufficient or inconsistent data were excluded from the quantitative 
synthesis. As our aim was to assess the reported data and highlight 
methodological and reporting limitations in the early evidence, we did 
not contact study authors to confirm or obtain additional data. 

Where possible, pooled effect estimates and 95 % CIs, were obtained 
from Stata version 14.0 (Stata Corp, College Station, TX) using generic 
inverse variance random-effects analysis. Rate ratios were not pooled 
with ORs in the same meta-analysis. Pooled ORs and rate ratios greater 
than 1.00 indicate higher COVID-19 incidence or SARS-CoV-2 positivity 
for people with cancer and values less than 1.00 indicate higher COVID- 
19 incidence or SARS-CoV-2 positivity for those without cancer. 

2.8. Assessment of heterogeneity 

Heterogeneity between study-specific effect estimates was assessed 
using the χ2 and the I2 statistics [8]. We interpreted the I2 statistic ac-
cording to guidance provided in the Cochrane Handbook Version 6.2 
[9]. 

2.9. Subgroup analyses 

Pre-specified subgroup analyses were by country, source of popula-
tion, type of COVID-19 diagnostic test, and publication status (original 
journal article, preprint); however, these were not conducted due to 
small numbers of studies in all analyses. 

2.10. Reporting bias assessment 

No meta-analysis included 10 or more studies, so we did not assess 
risk of bias due to missing results, publication bias and/or small-study 
effects. 

3. Results 

Searches of published and preprint literature identified 10,153 
unique records with an additional 156 records identified from citations 
(Fig. 1). Most articles were ineligible as they were an excluded publi-
cation type or study design, were a letter or comment without relevant 
primary data, or did not include a population of interest (Supplementary 
Table 3). Sixteen cohort studies met the inclusion criteria of which four 
were excluded from the quantitative synthesis due to insufficient or 
inconsistent data (Supplementary Table 4) [10–13]. Of the remaining 12 
studies (Table 1), four measured COVID-19 incidence [2,14–16] and 
eight measured Sars-CoV-2 test positivity [17–24]. 

All four studies of COVID-19 incidence included > 1000 people with 
cancer (Table 1) and were conducted in different settings: general 
population, a large healthcare organisation, and cancer patients from a 
single hospital compared to the general population. Overall, our data 
synthesis of COVID-19 incidence studies included 24,181,727 in-
dividuals, of whom 125,649 (0.5 %) had a known previous diagnosis of 
cancer (Table 2). Five analyses comparing people with any cancer or 
active cancer to those without cancer or the general population were 
possible; each comprised a single study (Table 2). No studies of COVID- 
19 incidence considered haematological or lung cancers separately. All 
cohorts included both tested and untested individuals; no studies had 
universal or random SARS-CoV-2 testing. Only one study (Analysis 2) 
adjusted for confounders (age, sex, country, date at entry, body mass 
index, history of diabetes, heart disease, lung disease, kidney disease, 
and current smoker status) [15], with unadjusted effect estimates re-
ported or calculated by us for the remaining studies (Table 2). 

Across all analyses, COVID-19 incidence was significantly higher for 
people with cancer with ORs or rate ratios between 1.33 and 6.61 
(Table 2). 

All COVID-19 incidence studies were rated as high risk of bias 
(Table 3). A major source of bias was confounding, particularly as no 
study adjusted for level of potential viral contact such as number of 
recent health care visits. Differences and completeness in follow-up were 
also major potential sources of bias. Furthermore, no study reported the 
criteria used for SARS-CoV-2 testing or testing uptake. The criteria for 
COVID-19 diagnosis were also unclear or not reported in three of the 
studies (Table 1). 

Across the eight studies of SARS-CoV-2 test positivity, the number of 
people with cancer varied widely (4 to nearly 27,000), with only three 
studies including > 1000 people with cancer (Table 1). Two studies 
were population-based, two were based in large healthcare organisa-
tions, three were hospital-based, and one included cancer patients from 
a single hospital compared with the general population. Two studies 
provided data for people with haematological cancer [17,18] and one 
for people with lung cancer [17]. Only one study adjusted for con-
founders (sex, age, residence, Charlson Comorbidity Index and health-
care use in the year prior to testing) [18], with unadjusted measures of 
association either reported in the remaining studies, or calculated by us. 

Our data synthesis SARS-CoV-2 test positivity studies included 
472,683 individuals, of whom 48,370 (11.4 %) had a known previous 
cancer diagnosis (Table 4). Seven studies compared people with and 
without cancer and the unadjusted ORs were pooled using a random 
effects model (Analysis 6; pooled OR 0.91, 95 %CI: 0.57–1.47; high 
heterogeneity I2 = 97.8 %, p < 0.0001; Supplementary Fig. 1). 

Fong et al. [17] compared those with active cancer and the general 
population (Analysis 9; unadjusted rate ratio 0.28, 95 %CI 0.10–0.75) 
and Ji et al. [18] compared people with haematological cancers versus 
no cancer (Analysis 10; Analysis 11; adjusted OR 0.39, 95 %CI 
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0.19–0.79). There was no significant association between cancer status 
(active, haematological or lung) and test positivity in the remaining 
analyses (Analyses 7, 8, 12, 13; Table 4). 

All eight studies reporting SARS-CoV-2 test positivity had high risk of 
bias (Table 5). Confounding was a key source of potential bias, with only 
one study adjusting for age and other potential important confounders. 
Differences and completeness in follow up were also major sources of 
potential bias, as testing in the studies was either not random or testing 
criteria were not described. 

4. Discussion 

Our systematic review identified, appraised and synthesised early 
evidence from 12 studies including > 24 million people (> 170,000 
people with pre-existing cancer). Studies of COVID-19 incidence re-
ported higher risk for people with cancer, but did not adjust for char-
acteristics such as age, sex and level of potential viral contact, and did 
not incorporate systematic or random COVID-19 testing of the popula-
tion. Studies that examined SARS-CoV-2 test positivity had heteroge-
neous results. This is likely to be due to differences in testing criteria/ 
policies and the availability of SARS-COV2 testing infrastructure in 
different settings (e.g. variation between countries, general population 
testing versus testing of hospital patients) and at different stages of local 
outbreaks and public health measures. Two studies reported lower 
SARS-CoV-2 test positivity for people with cancer with no significant 
differences detected in other studies and a meta-analysis. 

This review provides the first systematic assessment of evidence on 
the risk of contracting SARS-CoV-2 or developing COVID-19 for people 
with a pre-existing cancer diagnosis that includes an in-depth evaluation 
of risk of bias. We found that the early studies provided only limited 
information due to important sources of bias. None of these studies were 
based on random testing which was not unexpected as widespread 
testing was rarely if at all available in the early stages of the pandemic. 
Thus, it is unclear whether apparent increased incidence of COVID-19 
among people with cancer reflected greater susceptibility, increased 
exposure to the virus, more intensive testing, or a combination of these 

factors. Studies reporting SARS-CoV-2 test positivity had similar limi-
tations. These findings were consistent with prior comments on the 
quality of evidence available early in the pandemic [1,2]. 

Our review process had some limitations. Titles and abstracts were 
not screened independently by two reviewers (although we found good 
agreement for the 10 % of studies screened by both reviewers), and we 
did not contact authors of original studies seeking additional informa-
tion or data. Nonetheless, this review also has several strengths 
including a comprehensive assessment of the early literature, and 
tailored considerations of risk of bias for studies of COVID-19 incidence 
and SARS-CoV-2 test positivity. 

Recently, concerns about risk of SARS-CoV-2 exposure and severity 
of COVID-19 for people with cancer have influenced discussions on 
vaccine prioritisation. Multiple organisations in different countries have 
called for people with cancer to be prioritised for vaccination [25], 
including the American Association for Cancer Research [26], the Na-
tional Comprehensive Cancer Network [27], and the European Society 
for Medical Oncology [28]. Even if biological susceptibility to COVID-19 
is not higher for people with cancer, frequent hospital visits for treat-
ment and potential higher risk of severe disease may be reasons to pri-
oritise appropriate subgroups for vaccination (see also our parallel 
systematic review on risk of death after developing COVID-19). 

Prospective representative cohorts with systematic and periodic 
testing for SARS-CoV-2 and/or COVID-19, can provide valuable infor-
mation both on future disease dynamics and on potential differences in 
vaccine efficacy between population subgroups, especially people with 
cancer [25]. Ideally, cancer and vaccination status would be established 
through linkage of these cohorts to population-wide registries or 
comprehensive and complete medical records, including vaccine type 
and timing of doses. As COVID-19 risk has been hypothesised to differ by 
cancer type, time since diagnosis, and cancer treatment received 
(especially immunosuppressive treatments), further examination of 
these factors in the context of existing and emerging variants is required. 
Important confounders to consider include, at a minimum, age, sex and 
comorbidities. To test for differences in biological susceptibility, 
adjustment for level of SARS-CoV-2 exposure is required (including 

Fig. 1. Flow diagram based on the PRISMA 2020 flow chart summarising the article screening process. * excluded publication type or study design, or letter or 
comment without relevant primary data. 
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Table 1 
Characteristics of studies included in the quantitative synthesis.   

Population Exposure (Cancer) Comparator Outcome 

Study Country Publication type Setting N Age (by COVID-19 
status if NR overall) 
(years) 

Male 
(%) 

Definition Cancer type n Definition n Method of 
COVID-19 
diagnosis 

INCIDENCE – Tested and untested population       
Lee et al.a  

[15] 
UK, USA, 
Sweden 

Preprint General population 1,789,197 NR 42.7 Active cancer NR 4904 No cancer 1,784,293 NR 
General population 1,807,559 NR 42.9 NR NR 23,266 No cancer 1,784,293 NR 

Dagan et al.  
[14] 

Israel Preprint Healthcare 
organisationb 

4,631,168 NR NR Active or non- 
active cancer 

NR 99,790 No cancer 4,531,378 PCR 

Yu et al. [2] China Original journal 
article 

Single hospital vs 
general population 

11,081,000 NR NR Active cancer Mixed 1524 General 
population 

11,081,000 Unclear 

Rogado et al. 
[16] 

Spain Original journal 
article 

Single hospital vs 
general population 

6,662,000 NR NR Active or non- 
active cancer 

Mixed 1069 General 
population 

6,662,000 Unclear 

TEST POSITIVITY – Tested population only       
Reilev et al.  

[20] 
Denmark Preprint General population 228,677 49c (positive) 

47c (negative) 
37.3 Active or non- 

active cancer 
NR 18,969 No cancer 209,708 PCR 

Ji et al. [18] Korea Original journal 
article 

General population 219,961 47.1d (positive) 
49.5d (negative) 

47.4 NR Mixed 26,921 No cancer 193,040 PCR 

194,779 NR NR NR Haematological 1739 No cancer 193,040 PCR 
Rentsch et al. 

[21] 
USA Preprint Healthcare 

organisation 
3789 66 90.2 NR NR 571 No cancer 3218 PCR 

Marcello 
et al. [19] 

USA Preprint Healthcare 
organisation 

16,420 NR NR NR NR 1554 No cancer 14,866 PCR 

Zhu et al.  
[24] 

China Original journal 
article 

Multiple hospitals 116 40 NR NR NR 4 No cancer 112 PCR 

Solodky et al. 
[23] 

France Letter to the 
Editor 

Single hospital 329 NR NR NR NR 85 No cancer 244 Antibody test 

Shah et al.  
[22] 

USA Preprint Single hospital 316 63c (positive) 
62c (negative) 

51.9 Active or non- 
active cancer 

NR 71 No cancer 245 PCR 

316 63c (positive) 
62c (negative) 

51.9 Active cancer NR 47 No active 
cancer 

269 PCR 

292 NR NR Active cancer NR 47 No cancer 245 PCR 
Fong et al.  

[17] 
Italy Original journal 

article 
Single hospital vs 
general population 

3075 NR NR Active cancer Mixed 219 General 
population 

3075 PCR 

3075 NR NR Active cancer Haematological 63 General 
population 

3075 PCR 

3075 NR NR Active cancer Lung 23 General 
population 

3075 PCR 

NR = not reported; PCR = (real-time reverse transcriptase) polymerase chain reaction assay. 
a Lee et al. [15] is a prospective cohort study. All other studies are retrospective cohort studies. 
b Based on an integrated payer-provider healthcare organisation covering > 50 % of the population. 
c Median. 
d Mean. 
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information on health service use, social contacts and preventive mea-
sures such as mask wearing). An example of such a prospective cohort 
set up to examine COVID-19 incidence is the UK Biobank subcohort with 
additional recruitment of participants’ children and grandchildren (total 
n ~ 20,000), although no results by cancer status have been published 
to date [29]. 

We also note that test choice may influence the results from such 
studies: polymerase chain reaction (PCR) tests for SARS-CoV-2 can 
provide information on current infection status, but would require 
frequent testing to avoid confounding by varying durations of infection 
persistence. While antibody tests can also identify people who have been 
infected in the past, the results may be confounded by different degrees 
of antibody production among people who did or did not receive 
treatments affecting their immune system or have a haematological 
cancer [30]. With increasing vaccination in many countries and result-
ing development of antibodies in those who have been vaccinated, 
future studies would also need to use antibody tests that can distinguish 
response to vaccination from past SARS-CoV-2 infection. For both PCR 
and antibody tests, the distinction between asymptomatic and more 
severe COVID-19 will also be vital due to differential impacts on indi-
vidual patients and health systems. 

In a separate systematic review, we have examined the early evi-
dence on risk of COVID-19-related death and identified a wide range of 
methodological concerns. However, several high-quality studies of the 
risk of severe COVID-19 have been reported after the period covered in 
this review, including the OpenSAFELY [31] and QCOVID [32] studies 
in the UK, which have extensive linked data for 8–23 million people. 
Nevertheless, in these studies, SARS-CoV-2 testing was not performed 
systematically or at random and the testing criteria and availability were 
influenced by complex factors that likely also differed between juris-
dictions in the UK. 

In the early stages of the pandemic, concerns regarding the risk of 
SARS-CoV-2 exposure, susceptibility to infection, and severity of 
COVID-19 for people with cancer led to cancer treatment changes in 
different countries and settings [33–39]. The precautionary principle is 
important in early and urgent decision-making; however, treatment 
changes can also have negative effects, so it is crucial to generate 
high-quality timely evidence on the magnitude of risks to inform more 
nuanced decisions. Where health care services are safe due to effective 
risk-reduction measures, cancer diagnosis and treatment disruptions 
should be minimised to reduce the unintended long-term negative im-
pacts of the pandemic [40]. Having an accurate understanding of 
COVID-19 risk is also important to reduce the anxiety experienced by 
people with cancer, and those supporting them [41,42]. Acknowledging 
the challenges experienced in many contexts, especially in the first 
months of the pandemic, it is important to create and support research 
infrastructure that allows prompt provision of high-quality evidence to 
inform policy and health system responses to the emergence of new 
SARS-CoV-2 variants of concern and future crises. National and inter-
national collaborations and data sharing are also crucial for producing 
large, well-powered studies. 

Given recent concerns about risks posed by emerging SARS-CoV-2 
variants of concern for people with pre-existing health conditions, our 
systematic review processes provide a platform for the ongoing review 
and analysis of the expanding data on COVID-19 risk, facilitating future 
efforts with timely identification and synthesis of the high-quality evi-
dence. This is a key focus of the COVID-19 and Cancer Global Modelling 
Consortium (CCGMC.org) comprising modelling platforms and teams 
that can provide informed advice to support decision-making in cancer 
control both during and after the pandemic. In this context, robust es-
timates of COVID-19 risk for people with cancer are essential model 
inputs to identify the best strategies for minimising cancer control 

Table 2 
Numbers of studies, COVID-19 cases and non-cases and results for each analysis for COVID incidence.  

Analysis Measure of 
effect 

Exposure 
group 

Comparison 
group 

Number 
of studies 

Cancer 
COVID-19 
negative or 
not tested~ 

Cancer 
COVID-19 
positive~ 

Comparator 
COVID-19 
negative or not 
tested~ 

Comparator 
COVID-19 
positive~ 

Total 
participants 

Effect 
estimate 
(95 % CI)  

1 Unadjusted 
OR 

Any 
cancer 

No cancer  1 99,646 144 4,526,477 4901 4,631,168 1.33 (1.12, 
1.58)  

2 Adjusted OR Any 
cancer 

No cancer  1 23,111 155 1,774,044 10,249 1,807,559 1.60 (1.36, 
1.88)  

3 Unadjusted 
rate ratio 

Any 
cancer 

General 
population  

1 1024 45 6,619,550 42,450 6,662,000a 6.61 (4.97, 
8.79)  

4 Unadjusted 
OR 

Active 
cancer 

No cancer  1 4854 50 1,774,044 10,249 1,789,197 1.78 (1.34, 
2.36)  

5 Unadjusted 
rate ratio 

Active 
cancer 

General 
population  

1 1512 12 11,039,848 41,152 11,081,000a 2.12 (1.20, 
3.73)   

Total across all analyses 1–5b:  5 130,147 406 25,733,963 109,001 25,970,924    
Total in one or more analyses 1–5c:  4 125,293 356 23,959,919 98,752 24,181,727   

a For studies where the comparator is “General population”, people with cancer in the exposure group are a subset of the comparator group; however, they are only 
counted once in the total column. 

b Totals include multiple counts of the same studies and people included in different analyses. 
c Totals counting studies and people only once. 

Table 3 
Risk of bias of studies assessing incidence of COVID-19 infection which were included in the quantitative synthesis.  

Study 1 2 3 4 5 6 7 8a 8b 8c Overall rating 

Lee et al. [15] Low High Low High High High Low Moderate High High High 
Dagan et al. [14] Low Low Low Low High High Low High NA NA High 
Yu et al. [2] High Moderate Low High High High Low High NA NA High 
Rogado et al. [16] High Moderate Low High High High Low High NA NA High 

1 = Exposed and comparison (unexposed) populations and selection of cohort(s); 2 = Nature and measurement of exposure; 3 = Timing of outcome of interest and 
exposure measurement (reverse causation); 4 = Nature and measurement of outcome; 5 = Completeness of follow up; 6 = Differences in follow up; 7 = Exclusions due 
to missing data on any variables; 8a = Control of confounding: Comparability of exposed and unexposed cohorts with respect to potentially important confounding 
variables; 8b = Control of confounding: Reliability of the assessment of the presence or absence of prognostic factors; 8c = Control of confounding: Covariates are 
appropriately included in the analysis; NA = not applicable. 
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Table 4 
Numbers of studies, COVID-19 cases and non-cases in each analysis for SARS-CoV-2 test positivity.  

Analysis Measure of 
effect 

Exposure group Comparison 
group 

Number of 
studies 

Cancer SARS- 
CoV-2 negative 

Cancer SARS- 
CoV-2 positive 

Comparator SARS- 
CoV-2 negative 

Comparator SARS- 
CoV-2 positive 

Total 
participantsa 

Effect estimate 
(95 % CI) 

Heterogeneity I2 (p 
value) 

6 Unadjusted OR Any cancer No cancer 7 46,004 2171 395,907 25,526 469,608 0.91 (0.57, 
1.47) 

97.8 % 
(p < 0.0001) 

7 Unadjusted OR Active cancer No cancer 1 42 5 222 23 292 1.15 (0.43, 
3.10) 

NA 

8 Unadjusted OR Active cancer No active 
cancer 

1 42 5 241 28 316 1.02 (0.38, 
2.72) 

NA 

9 Unadjusted 
rate ratio 

Active cancer General 
population 

1 215 4 2875 200 3075a 0.28 (0.10, 
0.75) 

NA 

10 Unadjusted OR Haematological 
cancers 

No cancer 1 1731 8 186,038 7002 194,779 0.12 (0.06, 
0.24) 

NA 

11 Adjusted OR Haematological 
cancers 

No cancer 1 1731 8 186,038 7002 194,779 0.39 (0.19, 
0.79) 

NA 

12 Unadjusted 
rate ratio 

Active 
Haematological 
cancers 

General 
population 

1 61 2 2875 200 3075a 0.49 (0.13, 
1.92) 

NA 

13 Unadjusted 
rate ratio 

Active Lung cancer General 
population 

1 23 0 2875 200 3075a 0.33 (0.02, 
5.45) 

NA   

Total across all analyses 6–13b: 14 49,849 2203 777,071 40,181 868,999     
Total in one or more analyses 6–13c: 8 46,200 2170 398,801 25,731 472,683                

Total across all analyses 1–13b: 19 179,996 2609 26,511,034 149,182 26,839,923     
Total in one or more analyses 1–13c: 12 171,493 2526 24,358,720 124,483 24,654,410   

NA = not applicable. 
a For studies where the comparator is “General population”, people with cancer in the cancer group are a subset of the comparator group; however, they are only counted once in the totals column. 
b Totals include multiple counts of the same studies and people included in different analyses. 
c Totals counting studies and people only once. 
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disruptions and resulting harms. 
In conclusion, the early literature on COVID-19 susceptibility for 

people with cancer was characterised by pervasive biases and limita-
tions in the available data, resulting in highly uncertain evidence. To 
support rapid evidence-based decision making in changing circum-
stances, including the emergence of new virus variants, it is important to 
establish an infrastructure that enables enhanced data collection and 
prioritises conduct of high-quality studies to reflect near real-time dis-
ease dynamics in both the overall population and in specific vulnerable 
subgroups. This infrastructure is also needed to enable ongoing research 
efforts to support continued public health responses to the COVID-19 
pandemic. 
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