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1 | INTRODUCTION

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% Cls) 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% Cl: 1.36-1.61, I*> = O;
people with COVID-19: aOR = 1.58, 95% Cl: 1.41-1.77, I> = 0.58; inpatients with
COVID-19: aOR = 1.66, 95% Cl: 1.34-2.06, I*> = 0.98). Risks were more elevated for
lung (general population: aOR = 3.4, 95% Cl: 2.4-4.7) and hematological cancers (gen-
eral population: aOR = 2.13, 95% Cl: 1.68-2.68, I> = 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.

KEYWORDS
cancer, COVID-19, death, meta-analysis, systematic review

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.

stage pandemic literature to 1 July 2020* found a positive association

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

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.® A systematic review of the early-

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.% As people with cancer were prioritized for vaccination in many
jurisdictions,®” 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,® 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.

24 | 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).”

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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studies® (Table $2), 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.® 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% Cls from generic inverse-variance
random-effects analyses were calculated using Stata 17.1!
Meta-analyses were done separately by effect measure (ORs and RRs

combined, HRs) and study population (general population, all people
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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.'> 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,'? require a sufficiently large number of studies (10+)
to estimate robust variances,*® 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 I 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.'®

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).1¢>* 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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)

Records identified from WHO
COVID-19 database
(n =17 387)

!

Records screened
(n=17387)

Records excluded
(n =16 056)

l

Reports sought for retrieval
(n=1331)

Reports not retrieved
(n=4)

Records included in original
search
(n =4075)

Records identified from Medline
and Embase databases
(n=10461)

:

Records excluded
(n =5801)

Records screened
(n=6386)

l

Reports not retrieved
(n=0)

Reports sought for retrieval
(n = 585)

Reports assessed for eligibility
(n=1327)

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 (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)

k.

Reports assessed for eligibility
(n = 585)

Reports included in qualitative
synthesis
(n=28)

Reports excluded from quantitative
synthesis:
Overlapping data (n = 6)

Reports excluded from quantitative
synthesis:
Overlapping data (n = 0)

Reports included in qualitative
synthesis
(n=11)

Reports included in quantitative synthesis

(meta-analysis)
(n=33)
(original search: n=22; search update: n=11)

FIGURE 1

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
guantitative analyses due to overlapping data (1 moderate, 5 high).
The main sources of bias were limited adjustment for key confounders
(only 3 studies*®*® 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-

Flow diagram based on the PRISMA 2020 flow chart summarizing the article screening process.

19-related death for people with any or solid active/recent cancer
(aHR = 1.72 [95% Cl: 1.50-1.97], 1 study'?; aOR = 1.48 [1.36-1.61],
3 studies),?%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% Cls) for hematological
cancers (aHR = 2.80 [2.08-3.77], 1 study’”; aOR = 2.13 [1.68-2.68],
2 studies).?%?*

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-
ies?27; aOR = 1.66 [1.34-2.06], 8 studies?®->>; hematological cancer:
aOR = 2.20 [1.97-2.46], 1 study™°). 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.1¢182937 | three of four studies, risk of COVID-19-related
death was elevated for people with lung cancer (eg, aHR = 4.00
[38.50-4.57] for <2 years and 1.70 [1.40-2.07] for 2-5 years after can-

cer management,*® compared to people without cancer, low overall
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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,2°

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
cancer'®; 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),*® with no significant
risk increase for people 2 to 5 years after cancer management in the
same study®®; 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),>” 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).2° 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).®”

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% Cls from studies of
hospital inpatients with COVID-19 (metastatic cancers: aOR = 2.50
[1.81-3.45], 4 studies®®3133%8; non-metastatic cancers: aOR = 1.39
[1.19-1.63], 4 studies).>°-323¢ 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% Cl: 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 14 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 >291271 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 2023.7°° Subject to differences between different SARS-
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Cancer group Control group aHR/
Study Country YSTD*  dead/total(%) dead/total(%) aOR (95% Cl)
Hazard ratios .
Brar* USA <05 29/117 (24.79%) 100/468 (21.37%) 0.98 (0.58, 1.67)
Roel* Spain <107 38/165 (23.03%) 1522/11 428 (13.32%) _— 1.63 (1.18, 2.26)
Quattara* France <2.0 " NR/9323 (.%, NR/63 278 (.%) — 1.41(1.35, 1.47)
Roel* Spain 1.0:5.0 110/479 (22.96%) 15622/11 428 (13.32%) —_ 1.16 (0.95, 1.41)
Roel* Spain 25 293/1134 (25.84%)  1522/11 428 (13.32%) —_—T 1.06 (0.93, 1.20)
QOdds ratios
Chavez-MacGregor USA <0.25 NR/4296 (.%) NR/493 020 (.%) —_— 1.74 (1.54, 1.96)
Larfors Sweden <057 91/22 804 (0.40%)  4566/7 900 000 (0.06%) ———> 250(2.10, 3.10)
Kim USA <1.0 NR/10 426 (.%) NR/253 179 (%) —_— 1.17 (1.08, 1.25)
Andreano Italy <1.007  313/1005 (31.14%) 3186/17 281 (18.44%) _— 1.80 (1.40, 2.30)
e & mmedy” mend ————— iz
Choi South Korea <1.5 o 53/557 (9.52%) 174/7033 (2.47%) 1.52 (1.02, 2.26)
Larfors Sweden 0.25-1.5 " 108/48 572 (0.22%) 4566/7 900 000 (0.06%) _— 1.40 (1.10, 1.70)
Ouattara* France <2007 NR/9323 (%) NR/63 278 (.%) —_— 2.33(2.19, 2.47)
Lee South Korea <3.0 | 20/162 (12.35%) 207/7177 (2.88%) 1.04 (0.56, 1.93)
Larfors Sweden 1.25-2.5° 94/45 134 (0.21%)  4566/7 900 000 (0.06%) —— 1.30 (1.00, 1.50)
Kim USA 21.0 NR/8034 (.%) NR/253 179 (.%) — 0.95(0.87, 1.03)
Larfors Sweden <450 439/200277 (0.22%) 4566/7 900 000 (0.06%) — 1.30 (1.20, 1.40)
Jassat* South Africa <5.0 439/1143 (38.41%) 33 136/147 659 (22.44%) —_— 1.47 (1.29, 1.66)
Mostaza Spain <50  833/2413(34.52%) 10418/39 190 (26.58%) —_— 1.40 (1.27, 1.53)
Larfors Sweden 2.25-3.5 ° 74/43 542 (0.17%)  4566/7 900 000 (0.06%) — 1.00 (0.80, 1.20)
Andreano Italy 1.0-5.0 " 219/772 (28.37%)  3280/17 541 (18.70%) —_—T 1.11(0.93, 1.30)
Larfors Sweden 3.25:4.5 " 72/40 225 (0.18%)  4566/7 900 000 (0.06%) — 1.00 (0.80, 1.30)
Andreano Italy 25" 288/1071 (26.89%) 3211/17 215 (18.65%) B — 1.04 (0.89, 1.20)
Bhaskaran England  <1.0° = 299/81070 (0.37%) 14 317/17 000000 (0.08%) _— 1.44 (1.28, 1.62)
Bhaskaran England 1.0:4.9" 669/237 331 (0.28%) 14 317/17 000 000 (0.08%) —_—— 1.11 (1.03, 1.20)
Bhaskaran England 25 1788/547 778 (0.33%)14 317/17 000 000 (0.08%) — 0.98 (0.94, 1.03)
T T
1 2 3
Effect Cancer group Control group aHR/

Country measure YSTD? dead/total(%) dead/total(%) aOR (95% CI)

Larfors et al

Sweden Odds ratio  <0.5° 91/22 804 (0.40%) 4566/7 900 000 (0.06%) ———> 2.50(2.10, 3.10)

Sweden Odds ratio  0.25-1.5° 108/48572 (0.22%)  4566/7 900 000 (0.06%) _— 1.40 (1.10, 1.70)

Sweden Oddsratio  1.25-2.5° 94/45134 (0.21%) 4566/7 900 000 (0.06%) e 1.30 (1.00, 1.50)

Sweden Odds ratio  <4.5° 439/200 277 (0.22%) 4566/7 900 000 (0.06%) —_—— 1.30 (1.20, 1.40)

Sweden Odds ratio  2.25-3.5° 74/43542 (0.17%) 4566/7 900 000 (0.06%) — 1.00 (0.80, 1.20)

Sweden Oddsratio 3.25-4.5° 72/40225(0.18%)  4566/7 900 000 (0.06%) 1.00 (0.80, 1.30)

Andreano et al

Italy Oddsratio  <1.0°" _ 313/1005 (31.14%)  3186/17 281 (18.44%) —_— 1.80 (1.40, 2.30)

Italy Oddsratio  1.0-50°" 219/772(28.37%)  3280/17541 (18.70%) B E——— 1.11 (0.93, 1.30)

Italy Odds ratio 25~ 288/1071 (26.89%)  3211/17 215 (18.65%) —_— 1.04 (0.89, 1.20)

Roel* et al

Spain  Hazard ratio <1.0° 38/165 (23.03%) 1522/11428 (13.32%) e — 1.63 (1.18, 2.26)

Spain Hazard ratio 1.0-5.0°  110/479 (22.96%) 1522/11 428 (13.32%) b e 1.16 (0.95, 1.41)

Spain  Hazard ratio 25° 203/1134 (25.84%)  1522/11 428 (13.32%) —_— 1.06 (0.93, 1.20)

Bhaskaran et al

England Odds ratio  <1.0° 299/81070 (0.37%)  14317/17 000000 (0.08%) —_— 1.44 (1.28, 1.62)

England Odds ratio  1.0-4.9 °  669/237331 (0.28%) 14 317/17 000000 (0.08%) —_— 1.11(1.08, 1.20)

England Odds ratio 25" 1788/547 778 (0.33%) 14 317/17 000000 (0.08%) — 0.98 (0.94, 1.03)

T T T
7 1 2 3
Cancer group Control group

Study Country YSTD*  dead/total(%) dead/total(%) aOR (95% Cl)

Bhaskaran England <1.0°  59/8878 (0.66%) 16 564/17 000 000 (0.10%) —oﬁ 2.41(1.86, 3.13)

Kim USA <1.0°  NR/2224 (%) NR/253 179 (.%) —_— 1.48 (1.30, 1.68)

Larfors Sweden <4.5°  81/23619 (0.34%) 4566/7 900 000 (0.06%) —_— 1.90 (1.50, 2.40)

Bhaskaran England 1.0-4.9 ° 168/28 130 (0.60%) 16 564/17 000 000 (0.10%) —_— 2.25(1.92,2.62)

Bhaskaran England 25° 272/64 022 (0.42%) 16 564/17 000 000 (0.10%) —_— 1.65 (1.46, 1.87)

T T T
7 1 2 3

FIGURE 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; Cl, confidence interval; D, years since diagnosis; DT, years since diagnosis or treatment; NR, not reported; T, years

since treatment.
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(D)

Risk change Minimum
(aOR/aRR/aHR) per year years post
increase in time Predicted OR/RR/HR values (95%Cls) diagnosis/ treat
since diagnosis/treatmen at 1, 2, 5 years post ment with lower
t diagnosis/treatment limit
of predicted

Resid. Estimate value 95%Cl

Analysis ? (95%Cl) P-value 1 year 2 years 5 years being £1.00
Anylsolid 0.94 141 133 111

cancers, HRs 11%  (0.90,099) 026 (1.31,1.51)  (1.24,142) (0.94,1.32) 44
Any/solid 0.89 155 1.38 0.98

cancers, ORs 95% _ (0.84,0.95) .001 (1.37,1.75) _(1.24,1.53)  (0.80, 1.20) 36
Any’solid

cancers, 0.91 155 141 1.07

Andreano et al 76%  (0.48,1.72) 314 (0.19,12.36) (0.27,7.47) (0.19, 6.08) n/an
Any/solid

cancers, 0.94 1.33 1.25 1.03

Bhaskaran et al 65%  (0.74,1.19) 176 (0.59,3.01) (0.65,2.39) (0.56, 1.89) n/at
Any’solid

cancers, 0.79 170 135 0.67

Larfors et al 64%  (0.67,0.94) 019 (1.31,219)  (1.11,1.64)  (0.39, 1.17) 24
Any/solid

cancers, 0.94 1.42 133 111

Roel et al 8% (0.65, 1.36) .281 (0.32,6.30)  (0.41,4.34)  (0.53,2.33) n/at
Haematological 0.98 193 1.90 1.81

cancers, ORs 87%  (0.84,1.16) .786 (1.26,2.94) (1.34.2.70) (1.07.3.07) 55

FIGURE 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; Cl, confidence interval; D, years since
diagnosis; DT, years since diagnosis or treatment; n/a”, not applicable, lower limit of 95% Cl is <1 for all fitted values; NR, not reported; T, years

since treatment.

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

5962 our included studies

pandemic.#°%¢ Similar to earlier reviews,
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.®?%? 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.®® 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.®*
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.°> This may be reflected

by included studies using COVID-19-related death as an outcome (ie,
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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,®® with some
sequelae persisting in 8% to 10% of patients 6 and 12 months after
COVID-19 resolution.” 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.®

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,”” compara-
ble all-cause mortality between those over 65 years of age with can-
cer vs those without cancer,’® and an association between younger
age in patients with cancer and SARS-CoV-2 with poorer clinical out-
comes.®? 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
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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 diagnosis®’ based on one of the studies included in this
review,*” 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),”® 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,”? no association between receipt of a
particular type of oncologic therapy and COVID-19 mortality,>® or
higher risks for patients undergoing chemotherapy and lower risks for
those receiving endocrine therapy.®? 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.”? 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).”®

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.”* As outlined in a previous review by our
research team,* 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.” 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.”¢7% 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.”” 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,®® 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)®! and assess the effects of different
SARS-CoV-2 strains and vaccination specifically in people with cancer
(eg, OnCovid).2? 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.
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