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COVID-19-related death for people with recent/active cancer (compared to people

without) in the pre-COVID-19-vaccination period. We searched the WHO COVID-19

Global Research Database (20 December 2021), and Medline and Embase (10 May

2023). We included studies adjusting for age and sex, and providing details of cancer

status. Risk-of-bias assessment was based on the Newcastle-Ottawa Scale. Pooled

adjusted odds or risk ratios (aORs, aRRs) or hazard ratios (aHRs) and 95% confidence

intervals (95% CIs) were calculated using generic inverse-variance random-effects

models. Random-effects meta-regressions were used to assess associations between

effect estimates and time since cancer diagnosis/treatment. Of 23 773 unique title/

abstract records, 39 studies were eligible for inclusion (2 low, 17 moderate, 20 high risk

of bias). Risk of COVID-19-related death was higher for people with active or recently

diagnosed/treated cancer (general population: aOR = 1.48, 95% CI: 1.36-1.61, I2 = 0;

people with COVID-19: aOR = 1.58, 95% CI: 1.41-1.77, I2 = 0.58; inpatients with

COVID-19: aOR = 1.66, 95% CI: 1.34-2.06, I2 = 0.98). Risks were more elevated for

lung (general population: aOR = 3.4, 95% CI: 2.4-4.7) and hematological cancers (gen-

eral population: aOR = 2.13, 95% CI: 1.68-2.68, I2 = 0.43), and for metastatic cancers.

Meta-regression suggested risk of COVID-19-related death decreased with time since

diagnosis/treatment, for example, for any/solid cancers, fitted aOR = 1.55 (95% CI:

1.37-1.75) at 1 year and aOR = 0.98 (95% CI: 0.80-1.20) at 5 years post-cancer diagno-

sis/treatment. In conclusion, before COVID-19-vaccination, risk of COVID-19-related

death was higher for people with recent cancer, with risk depending on cancer type and

time since diagnosis/treatment.
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What's new?

Previous reviews have shown a link between cancer and COVID-19-related death, but early

studies did not distinguish between long-term cancer survivors and recently diagnosed patients.

Here, the authors analyzed higher-quality studies focused on people with active or recently

diagnosed cancers. For all/solid cancers together, estimates suggested increased risk of COVID-

19-related death for up to 5 years after diagnosis/treatment. Those with lung or hematological

cancers had a larger increase in risk, as did those with metastatic cancers. This study provides a

key benchmark against which future comparisons can be made, to support evidence-informed

decision-making.

1 | INTRODUCTION

Globally, over 6.95 million confirmed deaths have been directly attrib-

uted to COVID-19 by 1 October 2023.1 The estimated excess mortal-

ity due to the COVID-19 pandemic is even higher (with WHO

estimates of 14.83 million excess deaths to 31 December 2021),2

likely reflecting non-attributed deaths due to COVID-19 and those

resulting from secondary causes such as health services disruptions.

Cancer was included among the conditions associated with severe

COVID-19 and COVID-19-related death in the WHO Clinical Guide-

lines for COVID-19, with other conditions including diabetes, hyper-

tension and immunosuppression.3 A systematic review of the early-

stage pandemic literature to 1 July 20204 found a positive association

between pre-existing cancer diagnosis and COVID-19-related death

from studies that adjusted for at least age and sex. However, most of

these early studies considered the risk associated with any pre-

existing cancer diagnosis (both long-term cancer survivors and those

recently diagnosed/treated), without explicitly considering time since

diagnosis/treatment or adjusting for important confounders including

other conditions associated with COVID-19-related death. Thus, it is

important to critically evaluate and consolidate the emergent high-

quality evidence on risks of COVID-19-related death for people with

cancer, with consideration of how these risks depend on cancer type,

stage and time since cancer diagnosis or treatment.
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Risks of COVID-19-related death may also depend on the COVID-

19 variants in circulation as well as COVID-19 vaccination status. Large-

scale COVID-19 vaccination programs were rolled out from December

2020.5 As people with cancer were prioritized for vaccination in many

jurisdictions,6,7 consolidation of evidence before vaccine availability can

provide valuable information that is not confounded by differential vac-

cine eligibility or uptake. Our systematic review and meta-analysis aim

to address these important issues by consolidating pre-COVID-19-vac-

cination, high-quality evidence for risks of COVID-19-related deaths for

people with recent cancer diagnosis/treatment. To our knowledge, this

is the first review to specifically consolidate results from studies that

have provided risk estimates for active/recent cancer or cancer diag-

nosed/treated within a specified period, with risk estimates adjusted for

at least age and sex. Moreover, we specifically examine how risks

depend on time since diagnosis/treatment, and consolidate the available

evidence on risks by cancer type and stage.

2 | MATERIALS AND METHODS

2.1 | Search strategy and information sources

For this systematic review and meta-analysis, we searched the WHO

COVID-19 Research Database,8 a comprehensive, multilingual collection

of COVID-19 literature amalgamated from a broad range of databases,

including Medline, Embase and pre-print servers (eg, medRxiv), on

20 December 2021. We combined text terms for COVID-19, cancer or

comorbidities and mortality (Table S1), with no limits on language, date

or time period or study design. We completed a search update on

10 May 2023, directly searching Medline and Embase databases

(Table S1). This search used the same terms as the original search, and

we checked that it identified all 28 studies from the original search that

satisfied the review criteria. We then removed title/abstract records

that were already screened in the original search by matching on titles

and first author, via a two-step process. We first used spaCy, a natural

language processing package in Python, to give each pair of titles (one

from the search update and one from the original search) a similarity

score, using cosine similarity. If the score was a perfect match, the

record was already included in the original search. For titles in the search

update without a perfect match (due to, eg, formatting of records), to

identify records already included in the original search, we performed a

manual comparison with titles that had the highest similarity score

(checking title and first author were identical).

2.2 | Selection criteria

Studies were included if they examined the effects of active or recent

cancer on COVID-19-related or COVID-19-specific mortality in (a) the

general population, (b) people with COVID-19 or (c) hospital inpatients

with COVID-19. Eligible exposures were cancer described as “active” or

“current” by the study or recent cancer (defined as cancer managed,

diagnosed or treated in a specific period, eg, <1 year before the study

period, allowing for study-specific period definition) or metastatic cancer

(which was considered to be active cancer). Study-specific definitions of

recent cancer were eligible if referring to cancer diagnosis, treatment or

management up to 5 years before study baseline. Eligible outcomes

were COVID-19-related or COVID-19-specific deaths (as per study-

specific definitions), and in-hospital deaths for studies restricted to hos-

pital inpatients with COVID-19. Eligible comparators were no previous

cancer diagnosis (“no cancer”), no cancer described as “active” or “cur-

rent” by the study (“no active cancer”) or no cancer management/diag-

nosis/treatment within a recent specified period (allowing for study-

specific period definition). Comparators that only excluded some cancer

type(s)/stage(s) were ineligible. Studies restricted to populations with

specific non-cancer health conditions or <100 people with cancer were

excluded. We considered studies that reported odds ratios (ORs), risk

ratios (RRs) or hazard ratios (HRs) adjusted for at least age and sex. This

systematic review was registered on PROSPERO (CRD42022315719).

To focus this review on the pre-COVID-19 vaccination phase, we

excluded studies with study periods overlapping wide availability of

COVID-19 vaccine in the respective jurisdiction (defined as >10% of the

national population having received 1+ doses of a COVID-19 vaccine

more than 1 week before the end of the study period).

2.3 | Selection process

Two reviewers independently assessed titles/abstracts and subse-

quently full-text articles against the pre-specified inclusion criteria,

with discrepancies resolved by a third reviewer. We employed a

highly collaborative approach, with 37 reviewers from 17 countries

involved in the screening of titles and abstracts, and 22 reviewers

involved in the assessment of full-texts for inclusion. Reasons for

exclusion of full-text articles were recorded.

2.4 | Data extraction

Two reviewers independently extracted study characteristics and

results for each included study, with differences resolved by discus-

sion or third-reviewer adjudication. Information extracted included

publication status, country, size and source of study population, study

period, exposure definition and numbers, comparator definition and

numbers, outcome definition, number of people with the outcome for

those with and without exposure, the effect estimate and 95% confi-

dence interval (95% CI) and covariates included in analyses. We

checked study periods against the availability of COVID-19 vaccina-

tion in the respective countries, using the Our World in Data COVID-

19 vaccination information (% of people who received at least one

dose of COVID-19 vaccine among the total population).9

2.5 | Risk of bias assessment

The risk-of-bias for each included study was independently assessed

by two reviewers, using a modified version of the Newcastle-Ottawa

Scale designed specifically to assess biases in observational cohort
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studies10 (Table S2), with detailed guidance and examples for each rat-

ing. Differences were resolved by consensus and where necessary,

adjudication by a third reviewer, with group discussion for any aspects

that were unclear. The risk of bias was rated low, moderate, high or

unclear for each of the following: selection of exposed and unexposed

cohorts, co-interventions, exposure status ascertainment, reverse cau-

sation, outcome ascertainment, completeness and differences in

follow-up, exclusions due to missing exposure or covariate data,

adjustment for important confounders or over-adjustment and the

reliability of covariate data. Important confounders were pre-specified

as age, sex and factors listed as associated with severe COVID-19/

COVID-19-related death in the WHO “COVID-19 Clinical manage-

ment: Living guidance”, version 25 January 2021: hypertension, car-

diac disease, cerebrovascular disease, chronic lung disease, chronic

kidney disease, dementia, mental illness, immunosuppression, HIV,

obesity and smoking.3 Studies that adjusted for an intermediate vari-

able on the causal pathway between having cancer and death, for

example, the number of comorbidities including cancer or clinical indi-

cators of COVID-19 severity, were considered at high risk of bias due

to over-adjustment.

2.6 | Data synthesis

2.6.1 | Selection of studies and effect estimates for

meta-analyses

To avoid data duplication, studies with overlapping samples were

identified, and the selection of the study for inclusion in the analysis

was based on the following pre-specified criteria in order of priority:

number of exposed, population size, representativeness (eg, national

vs jurisdictional data), adjustment for important confounders. To

assess the sensitivity of our main results to the selection of studies in

cases of overlapping data, we repeated meta-analyses using alterna-

tive study inclusion.

If a study reported several estimates for different times since

diagnosis/treatment, the estimate for the most recent diagnosis/

treatment was included in the meta-analysis (eg, estimate for <1 year

since diagnosis if estimates for <1 year, 1-5 years and 5+ years were

provided; we also carried out dedicated meta-regression analyses to

consider the relationship between effect estimates and time since

diagnosis/treatment, see below). When a study reported the same

effect estimate adjusted in more than one way, the effect estimate

adjusted for the most covariates was selected, unless there was a con-

cern about over-adjustment.

2.6.2 | Meta-analyses and meta-regressions

Pooled effect estimates and 95% CIs from generic inverse-variance

random-effects analyses were calculated using Stata 17.11

Meta-analyses were done separately by effect measure (ORs and RRs

combined, HRs) and study population (general population, all people

with COVID-19, hospital inpatients with COVID-19), as people with

and without cancer may have had different risks of developing

COVID-19 and of hospitalization. ORs and RRs were pooled together

as the absolute risk of death was generally low in both the cancer and

comparison groups.12 We carried out separate meta-analyses by

cancer type (pooling overall estimates for any cancers and solid can-

cers as “any/solid” cancers) and stage (any, metastatic,

non-metastatic). Estimates for specific non-hematological cancer

types were extracted where available, with no meta-analyses for spe-

cific cancer types possible due to different effect measures and study

populations. To gain insights into the magnitude of risk increase for

COVID-19-related death by time since cancer diagnosis/treatment,

random-effects meta-regressions were applied to assess the associa-

tions between effect estimates from original studies and the corre-

sponding periods since cancer diagnosis/treatment. Estimates from

the same study were treated as independent since existing methods

that account for dependency either do not allow covariates to vary

within studies,11 require a sufficiently large number of studies (10+)

to estimate robust variances,13 or require the referent group (ie, peo-

ple without cancer) to have values of the continuous covariate (ie,

time since cancer diagnosis/treatment).14 In the meta-regressions, the

time since diagnosis/treatment for each original estimate was

assigned to mid-points of the corresponding period in the correspond-

ing exposure group where possible (eg, 0.5 years for <1 year postdiag-

nosis/treatment); estimates for 1+ years since diagnosis/treatment

were assigned to 2 years, with sensitivity analyses based on 3 and

5 years; estimates for 5+ years since diagnosis/treatment were

assigned to 6 years, with sensitivity analyses based on 8 and 10 years.

Statistical heterogeneity was assessed with the I2 statistic.

There were insufficient studies to undertake pre-specified sub-

group analyses (study period 2020 only vs 2020/2021; pre-print only;

study country; covariates included in adjustment).

2.7 | Reporting bias assessment

None of the meta-analyses of adjusted effect estimates included 10+

studies, so we did not conduct pre-planned assessments of publica-

tion bias using visual inspection of funnel plot asymmetry and Egger's

statistical test.15

3 | RESULTS

Searches identified 23 773 unique records: 17387 in the original

search in December 2021, and 10 461 records in a search update in

May 2023, of which 4075 were already included in the original search

(Figure 1). In total, 39 studies met the inclusion criteria (Figure 1;

Data S2 shows the reasons for exclusion for each article at full-

text review). The 39 studies included data from 12 countries

(Table 1).16-54 After exclusion of studies due to overlapping data,

33 studies were included in the quantitative analyses, of which

28 were included in the main analyses (including analyses restricted to
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cancer types or metastatic/non-metastatic cancers), with data from

>27 565 252 individuals including >229 642 people with active or

recent cancer. Of these 28 studies, 4 focused on the general popula-

tion, 9 on all people with COVID-19 and 16 on hospital inpatients

with COVID-19 (one study provided results for both the general pop-

ulation and all people with COVID-19). We note that there remain

overlaps between data from studies that contributed to different

meta-analyses (eg, Bhaskaran 2021 reported ORs of COVID-

19-specific death for people with solid cancers, Williamson 2020

reported HRs of COVID-19-related death for people with any cancer,

using overlapping data), thus the number of individuals above is a con-

servative estimate based on the largest study for each country only.

Of the 28 studies, 22 provided eligible estimates for any/solid can-

cers, 6 for hematological cancers (as a group), 4 for specific cancer

types; 6 provided eligible estimates for metastatic and 6 for non-met-

astatic cancers. Of the 28 studies contributing to main analyses, 1 had

low, 13 moderate and 14 high risk of bias overall (Figure S1). Risk of

bias was low for 1 of 5 studies included in sensitivity analyses, with

moderate to high risk for the other 4 studies included in sensitivity

analyses (3 moderate, 1 high) and for all 6 studies not included in

quantitative analyses due to overlapping data (1 moderate, 5 high).

The main sources of bias were limited adjustment for key confounders

(only 3 studies16-18 had low risk rating, with the adjustments used in

individual studies detailed in Table S3) and potential over-adjustment.

The results of main analyses are shown in Table 2, with additional

supplementary analyses in Table S4 (generally showing robust results

for alternative selection of estimates from studies with overlapping

data). Analyses of the general population found higher risk of COVID-

19-related death for people with any or solid active/recent cancer

(aHR = 1.72 [95% CI: 1.50-1.97], 1 study19; aOR = 1.48 [1.36-1.61],

3 studies),20-22 with moderate to high risk of bias of contributing stud-

ies due to potentially incomplete adjustment for comorbid conditions

(see Figure S1 and Table S3). Based on three of these studies, risk

estimates were higher (non-overlapping 95% CIs) for hematological

cancers (aHR = 2.80 [2.08-3.77], 1 study19; aOR = 2.13 [1.68-2.68],

2 studies).20,21

Risk estimate results were similar based on studies of hospital

inpatients with COVID-19, with a slightly lower aHR estimate for

any/solid cancers (any/solid cancer: aHR = 1.34 [1.19-1.50], 5 stud-

ies23-27; aOR = 1.66 [1.34-2.06], 8 studies28-35; hematological cancer:

aOR = 2.20 [1.97-2.46], 1 study30). For studies of hospital inpatients

with COVID-19, there was moderate to high overall risk of bias in the

hazard ratio meta-analysis (moderate risk for one study contributing

52% weight, and high risk of bias for other studies due to exposure

measurement or potential over-adjustment), and moderate to high risk

of bias in the odds ratio meta-analyses (four studies and 50% weight

with moderate and high overall risk of bias each, due to exposure

measurement, adjustment for confounders or potential over-

adjustment).

Four studies provided risk estimates for specific cancer types

(Tables 2 and S5), with multiple studies covering breast, colorectal,

lung and prostate cancers and one study covering nine additional can-

cer types.16,18,20,37 In three of four studies, risk of COVID-19-related

death was elevated for people with lung cancer (eg, aHR = 4.00

[3.50-4.57] for <2 years and 1.70 [1.40-2.07] for 2-5 years after can-

cer management,16 compared to people without cancer, low overall

Identification of studies via WHO COVID-19 database (Dec 2021)

Records identified from WHO 

COVID-19 database 

(n = 17 387) 

Records screened 

(n = 17 387)

Reports sought for retrieval 

(n = 1331)

Reports assessed for eligibility

(n = 1327)

Reports included in qualitative 

synthesis

(n = 28)

Records excluded 

(n = 16 056)

Reports not retrieved 

(n = 4)

Reports excluded (n = 1299):

Publication type or study design (n = 245)

No population of interest (n = 149)

No exposure of interest (n = 700)

No comparator of interest (n = 90)

No outcome of interest (n = 43)

No effect estimate of interest (n = 47)

No comparative data (n = 13)

Preprint subsequently published (n = 1)

Duplicate record  (n = 2)

Reports excluded from quantitative 

synthesis:

Overlapping data (n = 6)

Identification of studies via Medline and Embase databases (May 2023)

Records identified from Medline

and Embase databases 

(n = 10 461) 

Records screened 

(n = 6386 )

Records excluded

(n = 5801)

Reports sought for retrieval

(n = 585)

Reports not retrieved 

(n = 0)

Reports assessed for eligibility

(n = 585)

Reports excluded (n = 574):

Publication type or study design (n = 58)

No population of interest (n = 103)

No exposure of interest (n = 356)

No comparator of interest (n = 15)

No outcome of interest (n = 12)

No effect estimate of interest (n = 24)

No comparative data (n = 2)

Included in first phase (n = 3)

Superseded (n = 1)

Reports included in qualitative 

synthesis

(n = 11)

Reports excluded from quantitative 

synthesis:

Overlapping data (n = 0)

Reports included in quantitative synthesis 

(meta-analysis)

(n = 33)

(original search: n=22; search update: n=11)

Records included in original 

search

(n = 4075)

F IGURE 1 Flow diagram based on the PRISMA 2020 flow chart summarizing the article screening process.
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TABLE 1 Characteristics of included studies (with studies identified in the original search shown in white and studies identified in the search update shown in blue).

Study N Population Setting Period Exposure definition

Exposure – Cancer type and stage

Comparator

Mortality

outcome

Analyses

included in

Any/

mixed Solid Hematological

Specific

cancer

types Stage

China

Chai et al.35 664 C19 inpatients Multiple

hospitals

01/20 to 03/20 Cancer treatment

<1.25 years ago

X All No cancer In hospital M, T

Croatia

Piskac-Zivkovic

et al.33
4014 C19 inpatients Single hospital 03/20 to 03/21 Active or current cancer X All/Met No cancer In hospital M

England

Williamson et al.19 17 278 392 General population �40% of

population

02/20 to 05/20 Cancer diagnosis <1,

1-4.9, ≥5 years ago

X X All No cancer C19-related M

Bhaskaran et al.21 17 456 515 General population �40% of

population

02/20 to 11/20 Cancer diagnosis <1,

1-4.9, ≥5 years ago

X X All No cancer C19-specific M, T

Galloway et al.27 1156 C19 inpatients Multiple

hospitals

03/20 to 04/20 Active or current cancer X All No active

cancer

In hospital M

Navaratram et al.39 88 920 C19 inpatients National 03/20 to 05/20 Cancer management

<1 year ago

X NM/Met No active

cancer

In hospital NI

Gray et al.31 117 438 C19 inpatients National 03/20 to 09/20 Cancer management

<1 year ago

X NM/Met No active

cancer

In hospital M

Bottle et al.40 74 484 C19 inpatients National 03/20 to 07/20 Active or current cancer X All No active

cancer

In hospital S

France

Peron et al.41 301 C19 inpatients Multiple

hospitals

03/20 to 04/20 Cancer treatment

<5 years ago

X All No cancer In hospital NI

Bernard et al.30 89 530 C19 inpatients National 03/20 to 04/20 Active or current cancer X X X NMS/Met No active

cancer

In hospital M

Ouattara et al.25 72 601 Non ICU C19

inpatients

National 01/20 to 06/20 Cancer management

<2 years ago

X All No active

cancer

In hospital M, T

Semenzato et al.16 87 809 C19 inpatients National 02/20 to 07/20 Cancer management <2,

2-5 years ago

X All No cancer In hospital M

Italy

Andreano et al.42 18 286 All C19 Jurisdictional 02/20 to 04/20 Cancer management <1,

1-5, 5-10 years agoa
X All No active

cancer

C19-related M, T

Northern Ireland

Bucholc et al.32 6036 C19 inpatients National 03/20 to 01/21 Active or current cancer X NM No active

cancer

In hospital M

(Continues)
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TABLE 1 (Continued)

Study N Population Setting Period Exposure definition

Exposure – Cancer type and stage

Comparator

Mortality

outcome

Analyses

included in

Any/

mixed Solid Hematological

Specific

cancer

types Stage

Scotland

Leslie et al.43 18 099 All C19 National 03/20 to 07/20 Cancer management

<5 years ago

X All No active

cancer

C19-related M

South Africa

Jassat et al.29 219 265 C19 inpatients Multiple

hospitals

03/20 to 03/21 Cancer management

<5 years ago

X All No active

cancer

In hospital M, T

South Korea

Kang & Kong44 3827 All C19 National 01/20 to 04/20 Active or current cancer X All No active

cancer

C19-related NI

Lee et al.45 7339 All C19 National NR to 05/20 Cancer management

<3 years ago

X All No active

cancer

C19-specific S, T

Choi et al.46 7590 All C19 National NR to 05/20 Cancer management

<1.5 years ago

X NM No active

cancer

C19-related M, T

Kim et al.47 7590 All C19 National NR to 05/20 Cancer management

<3 years ago

X All No active

cancer

C19-related M

Cho et al.48 7590 All C19 National NR to 05/20 Cancer management

<1.5 years ago

X All No active

cancer

C19-specific NI

Spain

Berenguer et al.26 4035 C19 inpatients Multiple

hospitals

NR to 03/20 Active or current cancer X All No active

cancer

In hospital M

Roel et al.49 13 206 C19 inpatients Jurisdictional 03/20 to 05/20 Cancer diagnosis <1, 1-5,

>5 years agoa
X X All No cancer C19-related S, T

Rubio-Rivas et al.34 17 122 C19 inpatients Multiple

hospitals

03/20 to 07/20 Active or current cancer X All No active

cancer

In hospital M

Mostaza et al.22 41 603 General population

All C19 ^ C19

inpatients

Jurisdictional 03/20 to 01/21 Cancer management

<5 years ago

X All No active

cancer

C19-related M, S, T

Sweden

Larfors et al.20 8 111 041 General population National 03/20 to 06/20 Active or current cancerb X X X All No active

cancer

C19-related M, T

USA

Harrison et al.50 31 461 All C19 Multiple

hospitals

01/20 to 05/20 Cancer management

≤5 years ago

X NM/Met No active

cancer

C19-related M, S
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TABLE 1 (Continued)

Study N Population Setting Period Exposure definition

Exposure – Cancer type and stage

Comparator

Mortality

outcome

Analyses

included in

Any/

mixed Solid Hematological

Specific

cancer

types Stage

Chavez-MacGregor

et al.51
507 307 All C19 Multiple

hospitals

01/20 to 12/20 Radiotherapy or systemic

therapy <0.25 years

ago

X All No active

cancer

C19-related M, T

Wang et al.23 3273 C19 inpatients Multiple

hospitals

02/20 to 04/20 Active or current cancer X All No active

cancer

In hospital M

Brar et al.24 585 C19 inpatients Multiple

hospitals

03/20 to 05/20 Active or current cancer X All No cancer In hospital M, T

Alpert et al.52 5556 C19 inpatients and

hospital

attendees

Multiple

hospitals

03/20 to 05/20 Active or current cancer X All No active

cancer

C19-related NI

Incerti et al.36 13 658 C19 inpatients Multiple

hospitals

02/20 to 05/20 Cancer management

<1 year ago

X NM/Met No active

cancer

In hospital M, S

Fu et al.53 4186 C19 inpatients Multiple

hospitals

03/20 to 05/20 Cancer management

<1.2 years ago

X All No cancer In hospital NI

Rosenthal et al.38 35 302 C19 inpatients Multiple

hospitals

04/20 to 05/20 Active or current cancer X Met No cancer In hospital M

Isath et al.28 1 678 995 C19 inpatients Multiple

hospitals

01/20 to 12/20 Active or current cancer X All No active

cancer

In hospital M

Nolan et al.17 54 036 C19 inpatients Multiple

hospitals

02/20 to 12/20 Active or current cancer X All No cancer In hospital S

Kim et al.37 263 605 All C19 Multiple

hospitals

06/20 to 12/20 Cancer diagnosis <1,

>1 years ago

X X X X All/Met No cancer C19-related M, S, T

Chen et al.18 116 426 All C19 Multiple

hospitals

02/20 to 08/20 Cancer diagnosis <1,

>1 years ago

X X All No cancer C19-related M

Raez et al.54 4870 C19 inpatients Multiple

hospitals

03/20 to 01/21 Active or current cancer X All No active

cancer

In hospital S

Abbreviations: C19, COVID-19; ICU, intensive care unit; M, main meta-analyses (all analyses shown in Table 2, including analyses of specific cancer types or metastatic or non-metastatic cancers); Met,

metastatic; NI, not included in any analyses due to data overlap with other studies; NM, non-metastatic; NMS, non-metastatic solid; NR, not reported; S, sensitivity meta-analyses; T, analyses explicitly

considering time since cancer management, treatment or diagnosis.
aPotentially overlapping periods of years postdiagnosis/treatment are listed here as reported in the original publication, noting overlap would likely be absent/minimal if time since diagnosis/treatment was

calculated with sufficient precision ^ aged >75 years.
bNo chemotherapy <3 months ago.
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TABLE 2 Overview of main results (Forest plots for meta-analyses of multiple studies are shown in Figures S2 to S10; sensitivity analyses are shown in Table S4, with forest plots in Figures S11

to S20).

Analysis Population Cancer typea
Measure

of effect

Number of

studies

People with

cancerb: dead

People with

cancer: total

Comparator:

dead

Comparator:

total Total

Pooled/reported

effect estimate

(95% CI) I
2 (p-het)

Risk of bias

summaryc

1 General population Any HR 1 220 79 964 9132 16 421 922 17 278 392 1.72 (1.50-1.97) n/a 1 M

2 All people with

COVID-19

Any HR 1 54 569 171 7021 7590 1.62 (1.19-2.20) n/a 1 H

3 Hospital inpatients with

COVID-19

Any HR 5 259 10 150 1743 71 500 81 650 1.34 (1.19-1.50) 37% (0.17) 1 M, 4 H

4 General population Hematological HR 1 43 8704 10 590 17 178 486 17 187 190 2.80 (2.08-3.77) n/a 1 M

5 All people with COVID-19 Hematological HR 1 22 170 3073 115 750 115 920 2.26 (1.48-3.45) n/a 1 H

6 All people with COVID-19 Lung HR 1 30 395 3014 114 598 114 628 1.42 (0.99-2.04) n/a 1 H

7 Hospital inpatients with

COVID-19

Breast HR 1 142 630 5876 39 550 40 180 1.80 (1.52-2.12) n/a 1 L

8 Hospital inpatients with

COVID-19

Colorectal HR 1 167 615 15 244 86 296 86 911 1.40 (1.20-1.63) n/a 1 L

9 Hospital inpatients with COVID-19 Lung HR 1 233 621 13 328 86 887 87 508 4.00 (3.50-4.57) n/a 1 L

10 Hospital inpatients with COVID-19 Prostate HR 1 337 1029 8577 44 313 45 342 1.20 (1.08-1.34) n/a 1 L

11 General population Any OR 3 1240 158 311 29 301 25 422 651 25 580 962 1.48 (1.36-1.61) 0% (0.59) 2 M, 1 H

12 All people with COVID-19 Any OR 5 1199 8271d 13 778 556 524d 564 795d 1.58 (1.41-1.77) 58% (0.05) 4 M, 1 H

13 Hospital inpatients with

COVID-19

Any OR 8 17 837d 77 654 295 094d 2 022 283 2 099 937 1.66 (1.34-2.06) 98% (<0.001) 4 M, 4 H

14 General population Hematological OR 2 140 32 497 21 130 25 257 249 25 406 851 2.13 (1.68-2.68) 43% (0.18) 1 M, 1 H

15 All people with COVID-19 Hematological OR 1 NR 2224 NR 253 179 255 403 1.48 (1.30-1.68) n/a 1 M

16 Hospital inpatients with

COVID-19

Hematological OR 1 470 1389 13 057 83 329 84 718 2.20 (1.97-2.46) n/a 1 H

17 General population Breast OR 1 31 32 429 4566 7 901 764 7 934 193 1.0 (0.7-1.4) n/a 1 H

18 General population Colorectal OR 1 50 19 706 4566 7 901 764 7 921 470 1.2 (0.9-1.5) n/a 1 H

19 General population Lung OR 1 34 6537 4566 7 901 764 7 908 301 3.4 (2.4-4.7) n/a 1 H

20 General population Prostate OR 1 96 45 057 4566 7 901 764 7 946 821 1.0 (0.8-1.2) n/a 1 H

21 All people with COVID-19 Bladder OR 1 NR 476 NR 253 179 253 655 0.80 (0.63-1.05) n/a 1 M

22 All people with COVID-19 Breast OR 1 NR 2143 NR 253 179 255 322 1.08 (0.88-1.32) n/a 1 M

23 All people with COVID-19 Colorectal OR 1 NR 794 NR 253 179 253 973 0.91 (0.69-1.19) n/a 1 M

24 All people with COVID-19 Endometrial OR 1 NR 291 NR 144 976 145 267 1.62 (0.96-2.74) n/a 1 M

25 All people with COVID-19 Kidney OR 1 NR 474 NR 253 179 253 653 1.15 (0.86-1.53) n/a 1 M

26 All people with COVID-19 Leukemia OR 1 NR 681 NR 253 179 253 860 1.58 (1.29-1.93) n/a 1 M
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TABLE 2 (Continued)

Analysis Population Cancer typea
Measure

of effect

Number of

studies

People with

cancerb: dead

People with

cancer: total

Comparator:

dead

Comparator:

total Total

Pooled/reported

effect estimate

(95% CI) I
2 (p-het)

Risk of bias

summaryc

27 All people with COVID-19 Liver OR 1 NR 207 NR 253 179 253 386 2.46 (1.80-3.36) n/a 1 M

28 All people with COVID-19 Lung OR 1 NR 887 NR 253 179 254 066 1.85 (1.58-2.17) n/a 1 M

29 All people with COVID-19 Melanoma OR 1 NR 409 NR 253 179 253 588 0.96 (0.67-1.38) n/a 1 M

30 All people with COVID-19 Non-Hodgkin's

lymphoma

OR 1 NR 692 NR 253 179 253 871 1.02 (0.78-1.33) n/a 1 M

31 All people with COVID-19 Pancreatic OR 1 NR 121 NR 253 179 253 300 1.94 (1.19-3.16) n/a 1 M

32 All people with COVID-19 Prostate OR 1 NR 1781 NR 108 203 109 984 0.82 (0.70-0.96) n/a 1 M

33 All people with COVID-19 Thyroid OR 1 NR 476 NR 253 179 253 655 0.83 (0.46-1.51) n/a 1 M

34 All people with COVID-19 Non-metastatic OR 2 245 2523 1278 36 528 39 051 1.12 (0.65-1.93) 84% (0.01) 1 M, 1 H

35 Hospital inpatients with

COVID-19

Non-metastatic OR 4 3956 13 982 45 466 240 169 254 151 1.39 (1.19-1.63) 88% (<0.001) 2 M, 2 H

36 All people with COVID-19 Metastatic OR 2 51e 1891 1245e 284 212 286 103 2.02 (1.74-2.35) 11% (0.29) 1 M, 1 H

37 Hospital inpatients with

COVID-19

Metastatic OR 4 2113d 7520 43 924d 266 625 274 145 2.50 (1.81-3.45) 94% (<0.001) 3 M, 1 H

Total across all analysese: 28 969d 522 270d 556 374d 122 281 095 122 803 365

aMeta-analyses of risks for people with any cancer may include estimates based on solid cancers only, for studies where no estimates based on all cancers were available.
bSelection of people with cancer was study-dependent, and could include “active” cancer as noted in medical records or cancer diagnosed or treated in a specific period (eg, <1 year). For studies with multiple

cancer groups (eg, diagnosed <1 year, 1-5 years or 5+ years before the study period), the effect estimate for the group with most recent cancer diagnosis/treatment was included in the meta-analysis.
cNumber of studies with high (H), moderate (M) and low (L) overall risk of bias rating. The risk of bias for all studies and domains is shown in Figure S1.
dDeaths for both cancer and comparator groups are underestimated as some studies did not report final numbers for adjusted analyses.
eTotal includes multiple counts of the same studies and people included in different analyses.
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risk of bias; and aOR = 3.4 [2.4-4.7] for <4.5 years after cancer diag-

nosis without chemotherapy in previous 3 months,20 compared to

people with no active cancer, high risk of bias due to adjustment for

age and sex only), with a trend for association but no statistical signifi-

cance in one smaller study with high risk of bias (aHR = 1.49

[0.99-2.04] for <1 year after diagnosis compared to people without

cancer18; 395 people with lung cancer, vs 621-6357 in other three

studies). For breast, colorectal and prostate cancers, evidence was

more mixed: one study reported elevated risks for people <2 years

after cancer management (aHR = 1.80 [1.52-2.12], 1.40 [1.20-1.63],

1.20 [1.08-1.34], respectively, low risk of bias),16 with no significant

risk increase for people 2 to 5 years after cancer management in the

same study16; another study found no significant risk increase for

people <1 year post-diagnosis (with a decreased risk for prostate can-

cer, aRR = 0.82 [0.70-0.96], moderate risk of bias),37 and a third study

found no significant risk increase for the broader group of people

<4.5 years after cancer diagnosis without chemotherapy in the previ-

ous 3 months (high risk of bias).20 One study that reported on 9 addi-

tional cancer types found increased risks for people <1 year after

diagnosis of liver cancer (aRR = 2.46 [1.80-3.36]) and pancreatic can-

cer (aRR = 1.94 [1.19-3.16]), compared to people without cancer

(among all people with COVID-19; moderate risk of bias).37 Our study

also found increased risks for people <1 year after diagnosis of leuke-

mia (aRR = 1.58 [1.29-1.93], lower than for analyses of all hematolog-

ical cancers together as described above; noting that our study also

reported lower estimates for other cancers compared to other studies

and had unclear risk of bias for several items, see Figure S1).

Pooled effect estimates were higher for metastatic than non-

metastatic cancers, with non-overlapping 95% CIs from studies of

hospital inpatients with COVID-19 (metastatic cancers: aOR = 2.50

[1.81-3.45], 4 studies30,31,33,38; non-metastatic cancers: aOR = 1.39

[1.19-1.63], 4 studies).30-32,36 There was moderate to high overall risk

of bias in these meta-analyses (high risk for 1 of 4 studies and 2 of

4 studies, respectively, all due to potential over-adjustment).

Many of the meta-analyses had high heterogeneity estimates

(Table 2), which could not be investigated further due to small num-

bers of included studies in each analysis.

Plots of risk estimates by time since cancer diagnosis/treatment

suggested that risk of COVID-19-related death was highest for people

with most recently diagnosed/treated cancers (Figure 2). Conse-

quently, Figure 3 shows the results of meta-regressions to explicitly

examine the relationship between risk of COVID-19-related death

and time since cancer diagnosis/treatment. Combining information

across odds and risk ratio estimates for risk of COVID-19-related

death for any/solid cancers across studies of different populations,

the fitted estimates yielded an aOR of 1.55 (95% CI: 1.37-1.75) for

1 year post diagnosis/treatment, which was reduced to 1.38

(1.24-1.53) at 2 years and 0.98 (0.80-1.20) at 5 years (Figures 3A,D).

Notably, the decline in risk varied between different studies that pro-

vided estimates for multiple periods after diagnosis/treatment

(Figure 3B,D). The 95% confidence intervals included an aOR of 1 from

3.6 years postdiagnosis/treatment, with a corresponding estimate of

4.4 years from the hazard ratio analysis (Figure 3D), noting that these

confidence intervals could not completely capture the non-

independence of estimates in the analyses (with some studies contrib-

uting estimates for multiple periods post diagnosis/treatment). Based

on three studies that provided aORs of COVID-19-related death for

hematological cancers, the fitted estimates yielded an aOR of 1.93

(95% CI: 1.26-2.94) for 1 year postdiagnosis/treatment, which was

reduced to 1.90 (1.34-2.70) at 2 years and 1.81 (1.07-3.07) at 5 years,

with the 95% confidence intervals including an aOR of 1 from

5.5 years post diagnosis/treatment (Figure 3C,D). Results from sensi-

tivity analyses were similar, with higher fitted estimates at 5 years

post diagnosis/treatment showing that estimates of excess risk for

this subgroup in the main meta-regression may be conservative. For

example, in the analysis of aORs for any/solid cancers, fitted aORs at

5 years post diagnosis/treatment were 1.09 (0.93-1.29) and 1.18

(1.02-1.35) when coding original study estimates for 1+ years and 5+

years as 3 and 8 years or 5 and 10 years post diagnosis/treatment,

respectively; Table S6). These sensitivity analyses thus also estimated

a longer period until the fitted 95% confidence intervals including an

aOR of 1 (eg, for aORs for any/solid cancers, at 4.3 and 5.2 years post

diagnosis/treatment, respectively; Table S6).

4 | DISCUSSION

Our systematic review and meta-analysis synthesized data on the risk

of COVID-19-related death for people with cancer across 28 studies

reporting on >27.5 million individuals and >291 271 deaths

from 12 countries. The review highlighted the increased risk of

COVID-19-related death for people with recently diagnosed/treated

cancers. Moreover, we have consolidated the available evidence on

risks by cancer type and stage, documenting evidence for higher risk

of COVID-19-related death for people with lung and hematological

cancers (with mixed evidence for some other cancer types) and for

metastatic cancers. While this review focused on higher-quality evi-

dence, the risk of bias assessment also highlighted some remaining

limitations in the current evidence, especially comprehensive adjust-

ment for potential important confounders.

Importantly, through focus on the pre-COVID-19-vaccination

phase of the pandemic, the data contributing to this review are not

confounded by differential COVID-19-vaccine availability for people

with and without cancer. With high rates of COVID-19 vaccination in

high-income countries, clinical decision-making in these settings

largely relates to vaccinated individuals. However, our study can sup-

port future work assessing the effects of COVID-19 vaccination in

people with cancer for both individual- and population-level out-

comes. Moreover, the increased risk of COVID-19-related death for

people with recently diagnosed/treated cancers confirms the need to

consider these groups for prioritization of COVID-19-vaccination in

settings with limited vaccine availability. In particular, there have been

substantial inequities in vaccine availability between countries, with

�33% of people in low- and middle-income countries not having

received a COVID-19 vaccine and �40% not fully vaccinated as of

28 August 2023.9,55 Subject to differences between different SARS-
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F IGURE 2 Risk of COVID-19-related death by time since cancer diagnosis or treatment. (A) Any/solid cancers. (B) Within-study comparisons,

any/solid cancers. (C) Hematological cancers. *Studies of hospital inpatients with COVID-19. aHR, adjusted hazard ratio; aOR, adjusted odds

ratio; aRR, adjusted rate ratio; CI, confidence interval; D, years since diagnosis; DT, years since diagnosis or treatment; NR, not reported; T, years

since treatment.
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CoV-2 variants, the results of this review remain relevant in settings

without sufficiently widespread, effective COVID-19 vaccination.

Our finding of a higher likelihood of death for people with a

pre-existing diagnosis of cancer aligns with findings of evidence syn-

theses published during the first 12 months of the COVID-19

pandemic.4,56-61 Similar to earlier reviews,59,62 our included studies

reported an increased mortality risk for people with COVID-19 and

hematological cancers. However, earlier literature was characterized

by pervasive biases and analytical limitations, including multiple

sources of bias (eg, a lack of adjustment for at least age and sex), with

many studies having short follow-up periods, small numbers of people

with cancer, unclear definitions of cancer status and substantial over-

lap between data included in different early studies.59,62 The current

review indicates an advancement in the magnitude and quality of evi-

dence being generated.

The studies included in this review reported data relating to

COVID-19 cases and associated mortality, focusing on studies that

reported estimates for pre-COVID-19-vaccination periods (for the

studies identified in this review, predominantly in 2020). During this

period, the majority of cases related to earlier strains of COVID-19,

inclusive of the initial strain emerging in Wuhan, China, alongside the

alpha (first detected in November 2020) and beta (first detected in

October 2020) variants.63 The COVID-19 vaccination rollout com-

menced in December 2020 in many jurisdictions, albeit with marked

variations in the subsequent timing of vaccine program initiation, roll-

out, prioritization strategies and dosing schedules across countries.64

As such, our findings are not confounded by the individual or

population-level effects of vaccination, including potential mitigation

of the risk of death from COVID-19. Future reviews will be needed to

address the effect of vaccination, including any effect on COVID-19

mortality risk for populations with cancer.

During the earlier phases of the pandemic, SARS-CoV-2 testing

availability was limited due to factors including shortages of reagents

and, for many low- and middle-income countries, a lack of well-

equipped laboratories with specialized staff.65 This may be reflected

by included studies using COVID-19-related death as an outcome (ie,

F IGURE 3 Meta-regression for risk of COVID-19-related death by time since cancer diagnosis or treatment. (A) Any/solid cancers.

(B) Within-study comparisons, any/solid cancers. (C) Hematological cancers. (D) Overview of meta-regression estimates. *Studies of hospital

inpatients with COVID-19. aHR, adjusted hazard ratio; aOR, adjusted odds ratio; aRR, adjusted rate ratio; CI, confidence interval; D, years since

diagnosis; DT, years since diagnosis or treatment; n/a^, not applicable, lower limit of 95% CI is <1 for all fitted values; NR, not reported; T, years

since treatment.
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deaths from any cause after COVID-19 diagnosis, not just

COVID-19-specific deaths). The use of a broader outcome (including

in-hospital mortality for hospital inpatients with COVID-19) may have

led to cancer deaths contributing to an elevated risk of death being

reported within the review, in particular, for metastatic cancers or

specific cancers with high mortality (eg, lung, liver or pancreatic

cancer). However, for studies of any cancers, this contribution is likely

to be relatively small (when considering the general population or all

people with COVID-19) given the generally short follow-up period

across the included studies (although the follow-up time was not sys-

tematically reported in primary studies), and our meta-analyses were

carried out separately for different study populations (general popula-

tion, all people with COVID-19, hospital inpatients with COVID-19),

with generally similar results (see Supplementary Text in Data S1 for

further discussion of this aspect). The limited follow-up periods high-

light a need for long-term data to inform risks of adverse health out-

comes for people with cancer over a longer time horizon. This

includes a need to understand the impact of treatment disruption and

the longer-term health effects of COVID-19, including long COVID,

that could lead to adverse health outcomes for people with cancer.

Such studies were beyond the scope of this review.

A key component to consider in future longer-term data collection

is the inclusion of patient-reported outcomes. Studies to date suggest

that for people with cancer, over half of the population experienced

long-term effects after their initial COVID-19 diagnosis,66 with some

sequelae persisting in 8% to 10% of patients 6 and 12 months after

COVID-19 resolution.67 More generally, the potential impact of cancer

diagnosis and treatment delays and disruptions on quality of life and

psychosocial well-being is an important area that needs further study.68

There remains a need for more nuanced analyses to increase

understanding of any differential impact of COVID-19 on people with

cancer, with conflicting evidence on the impact of different patient

characteristics to date. For example, existing reviews outlined an

increased risk of COVID-19 mortality with advancing age,57 compara-

ble all-cause mortality between those over 65 years of age with can-

cer vs those without cancer,58 and an association between younger

age in patients with cancer and SARS-CoV-2 with poorer clinical out-

comes.62 While our review only included estimates adjusted for age

and sex, the reporting in original studies did not allow for stratified

meta-analyses by these factors, and more research is needed on

potential interactions between cancer status and these biological

characteristics. Similarly, to understand the potential inequities in

COVID-19 outcomes for people with cancer, it will be crucial to con-

sider the impact of societal factors including ethnicity and/or socio-

economic status on risk of COVID-19-related death, as well as their

association with availability and uptake of COVID-19 vaccination.

The results of our meta-regression analyses also suggest that

more detailed estimates of COVID-19-related death for people 5 to

10 years after cancer diagnosis/treatment would be needed to con-

firm the extent of risk in this population, including any differences in

risk by treatment received (noting that the details on type of cancer

treatment were not generally reported in the studies included in this

review). The extent of these risks would be of interest vis-a-vis

decisions around prioritization of COVID-19 vaccination (both past

decisions and future decisions in settings without widespread effec-

tive vaccination). For example, the European Society for Medical

Oncology statement suggested higher risk for people in the first

5 years after diagnosis69 based on one of the studies included in this

review,19 with this threshold being compatible with our meta-

regression results. Similarly, individuals with cancer up to 5 years

post-diagnosis were prioritized for vaccination in Australia (included in

phase 1b of the roll-out, alongside those receiving active treatment or

with advanced disease),70 which is also compatible with our results.

More generally, improved granularity is needed in assessing

COVID-19 mortality according to cancer stage and treatment. The

available evidence for cancer treatment impacts is mixed, with differ-

ent studies suggesting an increased risk for COVID-19 death while

receiving antitumor treatment,71 no association between receipt of a

particular type of oncologic therapy and COVID-19 mortality,59 or

higher risks for patients undergoing chemotherapy and lower risks for

those receiving endocrine therapy.62 Existing large studies have

largely used government or third-party data, which cannot be easily

on-provided to other researchers and require extensive access

approvals (see Data S3). Thus, an individual-level meta-analysis of

large studies included in this review was not possible at the current

time, and future dedicated consortium efforts would be required to

re-analyze the data by cancer stage and/or treatment.

Future analyses may also need to account for the impact of differ-

ent COVID-19 variants on mortality. Within the period for which data

is reported across the studies included in this review, the alpha variant

emerged and was both more transmissible and had an increased risk

of mortality.72 The risk of severe outcomes in future periods would

also depend on the circulating SARS-CoV-2 variants, alongside the

impact of previous SARS-CoV-2 infection and COVID-19 vaccination

programs (including original and booster vaccines).73

The requisite infrastructure required to undertake high-quality

research to determine the impact of COVID-19 on people living with

cancer involves access to large-scale collections of rapidly-available

data, ideally based on linkages between cancer and immunization reg-

istries at the whole-of-population level. Population-based cancer

registries provide a vital role in assessing the cancer burden for a

country, alongside supporting the monitoring and evaluation of pro-

gress in cancer control.74 As outlined in a previous review by our

research team,4 the provision of real-time information remains a chal-

lenge for many population-based registries, and special investments in

infrastructure are needed to ensure high-quality near-time record link-

age and accurate assessments of health impacts. In recent years, there

has been investment in infrastructure and equipment to guide

responses to the COVID-19 pandemic.75 Sustaining the infrastructure

that supports data linkages is acknowledged as having value in non-

pandemic times, enabling monitoring and insights into diseases, includ-

ing cancer and, for example, cardiovascular diseases or HIV.76-78 In par-

ticular, there is a need to continue strengthening population-based

cancer registries, particularly in low- and middle-income countries

(LMICs), with the potential to leverage investments in electronic health

information systems to monitor outbreaks.79 The pandemic has had
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profound effects on the health of populations across LMICs, including

people living with cancer. The scarcity of data from these settings

means that the impact in such settings is not well understood,80 also

noting this review did not identify any eligible study from LMICs.

Irrespective of efforts to determine the impact of COVID-19 on

people with cancer, it is critical that health systems are able to support

the needs of people with cancer, including equitable access to effec-

tive treatments, supportive and palliative care and survivorship care.

Care delivery needs to mitigate risks and disruptions to service deliv-

ery from the COVID-19 pandemic (and other future emergencies) as a

consequence of limited healthcare capacity.

The current analysis has several limitations. We did not consider

studies restricted to people with cancer (ie, studies that did not include

a comparator of people without cancer). Such studies can provide infor-

mation on the associations between specific cancer treatment, other

health conditions and COVID-19-related deaths (eg, the US National

COVID Cohort Collaborative, N3C)81 and assess the effects of different

SARS-CoV-2 strains and vaccination specifically in people with cancer

(eg, OnCovid).82 The selection criteria for the comparators were narrow,

excluding studies in which the comparator included some people with

active or recent cancer (eg, a study with a comparator of “no active solid

cancer” would include active or recent hematological cancer, thus was

excluded). Many cancer-specific risk estimates were based on one study

only, with relatively small numbers of deaths. Meta-analyses pooled

results from studies with different definitions of “active” cancer (with

limited information provided in some studies), and studies with different

comparators (eg, no cancer history vs no active cancer). The meta-

regressions included results from different study populations, exact P-

values for the slope could not be calculated as the analyses included

non-independent results from individual studies (eg, risk estimates for

people <1 year, 1-5 years and 5+ years after cancer diagnosis) and the

non-independence could not be reflected in confidence intervals for the

fitted values. The detailed distributions and median time since cancer

diagnosis, treatment or management for included individuals were not

systematically reported by primary studies, limiting the information

available for the meta-regression. Different titles/abstracts and full-texts

were assessed by different reviewers; however, training was provided

to align assessment criteria.

Finally, while potential new evidence published from late 2023

was not included, the earlier focus on pre-COVID-19-vaccination

avoids confounding of results by differential vaccination status among

people with and without cancer, a clear strength of this review. Additional

strengths include the rigorous critical assessment of evidence, including a

pre-specified list of confounders to include in adjustments based on

WHO clinical guidelines, and a highly comprehensive search that aggre-

gated information from a wide range of databases. Thus, our study pro-

vides a critical benchmark with importance for future comparisons and

evidence-informed decision-making to mitigate risks of death in people

with cancer in the era of new COVID-19 variants and new vaccines.

In conclusion, we found evidence of a higher risk of

COVID-19-related death for people recently diagnosed with cancer.

However, more research is needed on how the risk of COVID-19

death depends on age, sex, as well as cancer type, stage, time since

diagnosis, cancer treatment administered and time since treatment,

and COVID-19 virus variant, vaccination and treatment. To accurately

estimate risks, inform the ongoing public health response, and build

resilience to the COVID-19 pandemic, rolling, robust, in-depth ana-

lyses of population-wide studies linking cancer and immunization reg-

istries remain important. In this context, living systematic reviews will,

we hope in future, provide continued consolidation and critical evalu-

ation of up-to-date, high-quality evidence on the impact and mitiga-

tion of the COVID-19 pandemic as well as future emergencies.

AUTHOR CONTRIBUTIONS

The work reported in the article has been performed by the authors,

unless clearly specified in the text. All authors contributed to interpre-

tation of the data and reviewed the article. Further contributions by

individual authors are as follows. Julia Steinberg: Conception, meth-

odology, title/abstract screening, risk of bias assessment, drafting of

article, coordination/supervision. Suzanne Hughes: Conception, meth-

odology, literature search, title/abstract screening, full-text screening,

data extraction, risk of bias assessment, drafting of article. Harriet

Hui: Administration, title/abstract screening, full-text screening.

Matthew J. Allsop: Full-text screening, risk of bias assessment, draft-

ing of article. Sam Egger: Methodology, risk of bias assessment, data

analysis, editing of article. Michael David: Methodology, data extrac-

tion, risk of bias assessment, editing of article. Michael Caruana:

Methodology, literature search, data curation, data analysis. Peter

Coxeter: Methodology, title/abstract screening, full-text screening,

data extraction. Chelsea Carle: Methodology, full-text screening, data

extraction, risk of bias assessment. Tonia Onyeka: Title/abstract

screening, full-text screening. Isabel Rewais: Title/abstract screening,

full-text screening. Maria J. Monroy Iglesias: Title/abstract screening.

Nuria Vives: Title/abstract screening, full-text screening. Feixue Wei:

Title/abstract screening. Derrick Bary Abila: Title/abstract screening.

Giulia Carreras: title/abstract screening, full-text screening. Marilina

Santero: Title/abstract screening. Emma L. O'Dowd: Title/abstract

screening, full-text screening. Gigi Lui: Title/abstract screening, full-

text screening. Musliu Adetola Tolani: Title/abstract screening.

Maeve Mullooly: Title/abstract screening, full-text screening. Shing

Fung Lee: Title/abstract screening. Rebecca Landy: Title/abstract

screening, full-text screening. Sharon J. B. Hanley: Title/abstract

screening, full-text screening. Gemma Binefa: Title/abstract screening.

Charlene M. McShane: Title/abstract screening. Muluken Gizaw:

Title/abstract screening. Poongulali Selvamuthu: Title/abstract

screening. Houda Boukheris: Title/abstract screening, full-text screen-

ing. Annet Nakaganda: Title/abstract screening. Isil Ergin: Title/

abstract screening. Fabio Ynoe Moraes: Title/abstract screening.

Nahari Timilshina: Title/abstract screening. Ashutosh Kumar: Title/

abstract screening. Diama B. Vale: Title/abstract screening. Ana Molina-

Barcel�o: Title/abstract screening. Lisa M. Force: Title/abstract screening.

Denise Joan Campbell: Data extraction, risk of bias assessment. Yuqing

Wang: Title/abstract screening, full-text screening. Fang Wan: Title/

abstract screening, full-text screening. Anna-Lisa Baker: Title/abstract

screening, full-text screening. Ramnik Singh: Title/abstract screening, full-

text screening. Rehana Abdus Salam: Title/abstract screening, full-text

screening. Susan Yuill: Full-text screening. Richa Shah: Methodology.

Erich V. Kliewer: Full-text screening. Felipe Roitberg: Conception,

1408 STEINBERG ET AL.

 1
0
9
7
0
2
1
5
, 2

0
2
4
, 8

, D
o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://o
n
lin

elib
rary

.w
iley

.co
m

/d
o
i/1

0
.1

0
0
2
/ijc.3

4
7
9
8
 b

y
 U

n
iv

ersity
 E

stad
u
al D

e C
am

p
in

a, W
iley

 O
n

lin
e L

ib
rary

 o
n

 [1
8

/0
4

/2
0

2
4

]. S
ee th

e T
erm

s an
d

 C
o

n
d

itio
n

s (h
ttp

s://o
n

lin
elib

rary
.w

iley
.co

m
/term

s-an
d

-co
n

d
itio

n
s) o

n
 W

iley
 O

n
lin

e L
ib

rary
 fo

r ru
les o

f u
se; O

A
 articles are g

o
v
ern

ed
 b

y
 th

e ap
p
licab

le C
reativ

e C
o

m
m

o
n
s L

icen
se



methodology. André M. Ilbawi: Conception, methodology. Isabelle Soer-

jomataram: Conception, methodology. Karen Canfell: Conception, meth-

odology, funding acquisition, editing of article, general oversight.

AFFILIATIONS
1The Daffodil Centre, The University of Sydney, a joint venture with

Cancer Council NSW, Sydney, Australia
2Leeds Institute of Health Sciences, University of Leeds, Leeds, UK
3School of Medicine and Dentistry, Griffith University, Gold Coast,

Australia
4Department of Anaesthesia/Pain & Palliative Care Unit, College of

Medicine, University of Nigeria, Ituku-Ozalla Campus, Enugu, Nigeria
5IVAN Research Institute, Enugu, Nigeria
6Translational Oncology and Urology Research (TOUR), Centre for

Cancer, Society, and Public Health, School of Cancer and

Pharmaceutical Sciences, King's College London, London, UK
7Cancer Screening Unit, Institut Català d'Oncologia (ICO), Early

Detection of Cancer Group, Epidemiology, Public Health, Cancer

Prevention and Palliative Care Program, Institut d'Investigaci�o

Biomèdica de Bellvitge (IDIBELL), Barcelona, Spain
8Ciber Salud Pública (CIBERESP), Instituto Salud Carlos III, Madrid,

Spain
9Early Detection, Prevention and Infections Branch, International

Agency for Research on Cancer, Lyon, France
10Makerere University College of Health Sciences, Kampala, Uganda
11Oncologic Network, Prevention and Research Institute (ISPRO),

Florence, Italy
12Iberoamerican Cochrane Centre, IIB Sant Pau-Servei

d'Epidemiologia Clínica i Salut Pública, Hospital de la Santa Creu i Sant

Pau, Barcelona, Spain
13Department of Respiratory Medicine, Nottingham University

Hospitals NHS Trust, Nottingham, UK
14Department of Surgery, Ahmadu Bello University, Zaria, Nigeria
15School of Population Health, RCSI University of Medicine and

Health Sciences, Dublin, Ireland
16Department of Radiation Oncology, National University Cancer

Institute, National University Hospital, Singapore
17Department of Clinical Oncology, Tuen Mun Hospital, New

Territories West Cluster, Hospital Authority, Hong Kong, China
18Division of Cancer Epidemiology and Genetics, National Cancer

Institute, Rockville, Maryland, USA
19Department of Academic Primary Care, Institute of Applied Health

Sciences, University of Aberdeen, Aberdeen, Scotland
20Center for Environmental and Health Sciences, Hokkaido

University, Sapporo, Japan
21Cancer Screening Unit, Cancer Prevention and Control Program,

Catalan Institute of Oncology, Hospitalet de Llobregat, Barcelona,

Spain
22Early Detection of Cancer Research Group, EPIBELL Programme,

Bellvitge Biomedical Research Institute, Hospitalet de Llobregat,

Barcelona, Spain
23Centre for Public Health, Queen's University Belfast, Institute of

Clinical Sciences Block B, Royal Victoria Hospital, Belfast, Northern

Ireland

24Department of Preventive Medicine, School of Public Health, Addis

Ababa University, Addis Ababa, Ethiopia
25Institute for Medical Epidemiology, Biometrics and Informatics,

Martin Luther University of Halle-Wittenberg, Halle, Germany
26NCD Working Group, School of Public Health, Addis Ababa

University, Addis Ababa, Ethiopia
27Chennai Antiviral Research and Treatment Center and Clinical

Research Site (CART CRS), Infectious Diseases Medical Center,

Voluntary Health Services, Chennai, India
28University Abderrahmane Mira of Bejaia, School of Medicine,

Bejaia, Algeria
29Department of Epidemiology and Preventive Medicine, University

Hospital of Bejaia, Bejaia, Algeria
30Department of Cancer Epidemiology and Clinical Trials, Uganda

Cancer Institute, Kampala, Uganda
31Department of Public Health, Faculty of Medicine, Ege University,

Bornova, Turkey
32Department of Oncology, Queen's University, Kingston, Ontario,

Canada
33Institute of Health Policy, Management and Evaluation, University

of Toronto, Toronto, Ontario, Canada
34Department of Anatomy, All India Institute of Medical Sciences-

Patna, Patna, India
35Department of Obstetrics and Gynecology, University of Campinas

(UNICAMP), Campinas, Brazil
36Cancer and Public Health Research Unit, Biomedical Research

Foundation FISABIO, Valencia, Spain
37Department of Health Metrics Sciences, Division of Hematology/

Oncology, University of Washington, Seattle, Washington, USA
38Department of Pediatrics, Division of Hematology/Oncology,

University of Washington, Seattle, Washington, USA
39School of Public Health, University of Sydney, Sydney, New South

Wales, Australia
40Cancer Surveillance Branch, International Agency for Research on

Cancer, Lyon, France
41Department of Public Health, Erasmus MC, University Medical

Center Rotterdam, Rotterdam, The Netherlands
42Shaukat Khanum Memorial Cancer Hospital & Research Centre,

Lahore & Peshawar, Lahore, Pakistan
43Department of Health Services Research and Policy, School of

Hygiene and Tropical Medicine, King's College London, London, UK
44Department of Oncology, Guy's & St Thomas NHS Trust,

London, UK
45Centro Javeriano De Oncologia – Hospital Universitario San Ignacio,

Bogotá, Colombia
46Pontificia Universidad Javeriana, Bogotá, Colombia
47Institute of Cancer Policy, King's College London, London, UK
48Research Oncology, Bermondsey Wing, Guy's Hospital, London, UK
49Department of Cancer Control Research, BC Cancer Research

Institute, Vancouver, British Columbia, Canada
50Odette Cancer Centre, Sunnybrook Health Sciences Centre,

Toronto, Ontario, Canada
51Canadian Centre for Applied Research in Cancer Control,

Vancouver, British Columbia, Canada

STEINBERG ET AL. 1409

 1
0
9
7
0
2
1
5
, 2

0
2
4
, 8

, D
o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://o
n
lin

elib
rary

.w
iley

.co
m

/d
o
i/1

0
.1

0
0
2
/ijc.3

4
7
9
8
 b

y
 U

n
iv

ersity
 E

stad
u
al D

e C
am

p
in

a, W
iley

 O
n

lin
e L

ib
rary

 o
n

 [1
8

/0
4

/2
0

2
4

]. S
ee th

e T
erm

s an
d

 C
o

n
d

itio
n

s (h
ttp

s://o
n

lin
elib

rary
.w

iley
.co

m
/term

s-an
d

-co
n

d
itio

n
s) o

n
 W

iley
 O

n
lin

e L
ib

rary
 fo

r ru
les o

f u
se; O

A
 articles are g

o
v
ern

ed
 b

y
 th

e ap
p
licab

le C
reativ

e C
o

m
m

o
n
s L

icen
se



52Faculty of Health Sciences, Simon Fraser University, Burnaby,

British Columbia, Canada
53Division of Cancer Care and Epidemiology, Cancer Research

Institute at Queen's University, Kingston, Ontario, Canada
54Department of Oncology and Department of Public Health

Sciences, Queen's University, Kingston, Ontario, Canada
55Center for Global Health, National Cancer Institute, Rockville,

Maryland, USA
56Department of Non-Communicable Diseases, World Health

Organisation, Geneva, Switzerland
57Hospital Sírio Libanês, São Paulo, Brazil
58Rede Ebserh, Rede Brasileira de Serviços Hospitalares, Brasília,

Brazil

ACKNOWLEDGMENT

Open access publishing facilitated by The University of Sydney, as

part of the Wiley - The University of Sydney agreement via the Coun-

cil of Australian University Librarians.

FUNDING INFORMATION

The study was funded by the World Health Organisation and the

National Health and Medical Research Council of Australia (Canfell

NHMRC Leadership Fellowship APP1194679). The funders had no

role in the design, conduct and submission of the study, or in the deci-

sion to submit the article for publication. While AI and FR are

employees of the World Health Organisation, they are involved in our

study as individual authors, and this work represents their own views.

CONFLICT OF INTEREST STATEMENT

Prof. Karen Canfell reports she is co-PI, and A/Prof Michael Caruana

reports that he is an investigator, of an investigator-initiated trial of cervi-

cal screening, “Compass,” run by the Australian Centre for Prevention of

Cervical Cancer (ACPCC), which is a government-funded not-for-profit

charity. The ACPCC has received equipment and a funding contribution

from Roche Molecular Diagnostics. Prof. Canfell is also co-PI on a major

implementation program “Elimination of Cervical Cancer in the Western

Pacific” which receives support from the Minderoo Foundation and

equipment donations from Cepheid Inc. Dr Fabio Ynoe de Moraes reports

a previous consulting fee from Câncer em Foco; he also reports honoraria

from AstraZeneca and IASLC, both outside of the current work. Dr Lisa

M. Force reports funding from the Bill and Melinda Gates Foundation,

Conquer Cancer Foundation, St. Jude Children's Research Hospital and

the NIH Loan Repayment Program; these are disclosed for transparency

and not believed to bias her contributions to this work. Other authors

declare no potential conflicts of interest.

DATA AVAILABILITY STATEMENT

The data underlying this review were reported in the original articles

cited in this review, and are available upon reasonable request to the

corresponding author (julia.steinberg@sydney.edu.au).

ORCID

Julia Steinberg https://orcid.org/0000-0002-0585-2312

Rebecca Landy https://orcid.org/0000-0003-4042-4820

Muluken Gizaw https://orcid.org/0000-0002-6500-5852

Ashutosh Kumar https://orcid.org/0000-0003-1589-9568

Iris Lansdorp-Vogelaar https://orcid.org/0000-0002-9438-2753

Kelvin K. W. Chan https://orcid.org/0000-0002-2501-3057

Stuart Peacock https://orcid.org/0000-0002-8243-8721

Mieke Van Hemelrijck https://orcid.org/0000-0002-7317-0858

TWITTER

Julia Steinberg SteinbergJulia

REFERENCES

1. World Health Organization. WHO Coronavirus (COVID-19)

Dashboard 2023. https://covid19.who.int/. Accessed 1 October, 2023

2. Msemburi W, Karlinsky A, Knutson V, Aleshin-Guendel S, Chatterji S,

Wakefield J. The WHO estimates of excess mortality associated with

the COVID-19 pandemic. Nature. 2023;613(7942):130-137.

3. World Health Organization. COVID-19 Clinical Management: Living

Guidance. Geneva: World Health Organization; 2021.

4. Freeman V, Hughes S, Carle C, et al. Are patients with cancer at

higher risk of COVID-19-related death? A systematic review and criti-

cal appraisal of the early evidence. J Cancer Policy. 2022;33:100340.

5. World Health Organization. Coronavirus disease (COVID-19):

Vaccines. 2022 https://www.who.int/emergencies/diseases/novel-

coronavirus-2019/question-and-answers-hub/q-a-detail/coronavirus-

disease-(covid-19)-vaccines?adgroupsurvey=%7badgroupsurvey%

7d&gclid=EAIaIQobChMIq82b8-7v-wIVUCsrCh1J0QCkEAAYASAAEgLYfvD_

BwE. Accessed 12 December 2022

6. Dooling K, Marin M, Wallace M, et al. The advisory committee on

immunization Practices' updated interim recommendation for alloca-

tion of COVID-19 vaccine – United States, December 2020. MMWR

Morb Mortal Wkly Rep. 2021;69(5152):1657-1660.

7. Department of Health & Social Care. Independent report Joint Com-

mittee on Vaccination and Immunisation: Advice on Priority Groups

for COVID-19 Vaccination. https://www.gov.uk/government/

publications/priority-groups-for-coronavirus-covid-19-vaccination-advice-

from-the-jcvi-30-december-2020/joint-committee-on-vaccination-and-

immunisation-advice-on-priority-groups-for-covid-19-vaccination-

30-december-2020. Accessed 22 December 2022

8. World Health Organization. WHO COVID-19 Research Database. 2022

https://search.bvsalud.org/global-literature-on-novel-coronavirus-2019-n

cov/. Accessed 20 December 2021

9. Mathieu E, Ritchie H, Rodés-Guirao L, et al. Coronavirus (COVID-19)

Vaccinations. Our World in Data2020. https://ourworldindata.org/

covid-vaccinations. Accessed 30 August 2023

10. Kirk M, Smurthwaite K, Bräunig J, et al. The PFAS Health Study:

Systematic Literature Review. Canberra: The Australian National Uni-

versity; 2018.

11. Statacorp. Stata Statistical Software: Release 17. College Station: Sta-

taCorp LLC; 2021.

12. Viera AJ. Odds ratios and risk ratios: what's the difference and why

does it matter? South Med J. 2008;101(7):730-734.

13. Tanner-Smith EE, Tipton E. Robust variance estimation with depen-

dent effect sizes: practical considerations including a software tutorial

in Stata and spss. Res Synth Methods. 2014;5(1):13-30.

14. Orsini N, Bellocco R, Greenland S. Generalized least squares for trend

estimation of summarized dose-response data. Stata J. 2006;6(1):40-57.

15. Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis

detected by a simple, graphical test. BMJ. 1997;315(7109):629-634.

16. Semenzato L, Botton J, Drouin J, et al. Chronic diseases, health

conditions and risk of COVID-19-related hospitalization and in-

hospital mortality during the first wave of the epidemic in France:

a cohort study of 66 million people. Lancet Reg Health Eur. 2021;

8:100158.

1410 STEINBERG ET AL.

 1
0
9
7
0
2
1
5
, 2

0
2
4
, 8

, D
o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://o
n
lin

elib
rary

.w
iley

.co
m

/d
o
i/1

0
.1

0
0
2
/ijc.3

4
7
9
8
 b

y
 U

n
iv

ersity
 E

stad
u
al D

e C
am

p
in

a, W
iley

 O
n

lin
e L

ib
rary

 o
n

 [1
8

/0
4

/2
0

2
4

]. S
ee th

e T
erm

s an
d

 C
o

n
d

itio
n

s (h
ttp

s://o
n

lin
elib

rary
.w

iley
.co

m
/term

s-an
d

-co
n

d
itio

n
s) o

n
 W

iley
 O

n
lin

e L
ib

rary
 fo

r ru
les o

f u
se; O

A
 articles are g

o
v
ern

ed
 b

y
 th

e ap
p
licab

le C
reativ

e C
o

m
m

o
n
s L

icen
se



17. Nolan MB, Piasecki TM, Smith SS, et al. Relations of current and past

cancer with severe outcomes among 104,590 hospitalized COVID-19

patients: the COVID EHR cohort at the University of Wisconsin.

Cancer Epidemiol Biomarkers Prev. 2023;32(1):12-21.

18. Chen UI, Xu H, Krause TM, Greenberg R, Dong X, Jiang X. Factors

associated with COVID-19 death in the United States: cohort study.

JMIR Public Health Surveill. 2022;8(5):e29343.

19. Williamson EJ, Walker AJ, Bhaskaran K, et al. Factors associated with

COVID-19-related death using OpenSAFELY. Nature. 2020;

584(7821):430-436.

20. Larfors G, Pahnke S, State M, Fredriksson K, Pettersson D. Covid-19

intensive care admissions and mortality among Swedish patients with

cancer. Acta Oncol. 2021;60(1):32-34.

21. Bhaskaran K, Bacon S, Evans SJ, et al. Factors associated with deaths

due to COVID-19 versus other causes: population-based cohort anal-

ysis of UK primary care data and linked national death registrations

within the OpenSAFELY platform. Lancet Reg Health Eur. 2021;6:

100109.

22. Mostaza JM, Salinero-Fort MA, Cardenas-Valladolid J, et al. Factores

asociados con la mortalidad por SARS-CoV-2 en la poblaci�on mayor

de 75 años de la Comunidad de Madrid. Rev Clin Esp. 2022;222(8):

468-478.

23. Wang H, Zheutlin A, Kao YH, et al. Hospitalised COVID-19 patients

of the Mount Sinai Health System: a retrospective observational

study using the electronic medical records. BMJ Open. 2022;10(10):

e040441.

24. Brar G, Pinheiro LC, Shusterman M, et al. COVID-19 severity and out-

comes in patients with cancer: a matched cohort study. J Clin Oncol.

2020;38(33):3914-3924.

25. Ouattara E, Bruandet A, Borde A, et al. Risk factors of mortality

among patients hospitalised with COVID-19 in a critical care or hospi-

tal care unit: analysis of the French national medicoadministrative

database. BMJ Open Respir Res. 2021;8(1):e001002.

26. Berenguer J, Ryan P, Rodríguez-Baño J, et al. Characteristics and pre-

dictors of death among 4035 consecutively hospitalized patients with

COVID-19 in Spain. Clin Microbiol Infect. 2020;26(11):1525-1536.

27. Galloway JB, Norton S, Barker RD, et al. A clinical risk score to iden-

tify patients with COVID-19 at high risk of critical care admission or

death: An observational cohort study. J Infect. 2020;81(2):282-288.

28. Isath A, Malik AH, Goel A, Gupta R, Shrivastav R, Bandyopadhyay D.

Nationwide analysis of the outcomes and mortality of hospitalized

COVID-19 patients. Curr Probl Cardiol. 2023;48(2):101440.

29. Jassat W, Cohen C, Tempia S, et al. Risk factors for COVID-19-related

in-hospital mortality in a high HIV and tuberculosis prevalence setting

in South Africa: a cohort study. Lancet HIV. 2021;8(9):e554-e567.

30. Bernard A, Cottenet J, Bonniaud P, et al. Comparison of cancer

patients to non-cancer patients among COVID-19 inpatients at a

National Level. Cancer. 2021;13(6):1436.

31. Gray WK, Navaratnam AV, Day J, Wendon J, Briggs TWR. Changes in

COVID-19 in-hospital mortality in hospitalised adults in England over

the first seven months of the pandemic: An observational study using

administrative data. Lancet Reg Health Eur. 2021;5:100104.

32. Bucholc M, Bradley D, Bennett D, et al. Identifying pre-existing condi-

tions and multimorbidity patterns associated with in-hospital mortal-

ity in patients with COVID-19. Sci Rep. 2022;12(1):17313.
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