SO[O1}Ie MOIAII @

joeI)Sqe

ASSOCIATED
CONTENT

Appendix

Author affiliations
and support
information (if
applicable) appear at
the end of this
article.

Accepted on June 28,
2021 and published at
ascopubs.org/journal/
go on August 18,
2021: DOI https:/doi.
o0rg/10.1200/G0.21.
00072

ASCO

1286

Mortality in Cancer Patients With

COVID-19 Who Are Admitted to an ICU or Who
Have Severe COVID-19: A Systematic Review
and Meta-Analysis

Amogh Rajeev Nadkarni, MBBS?'; Swapna C. Vijayakumaran, MD?; Sudeep Gupta, MD, DM?; and Jigeeshu V. Divatia, MD*

PURPOSE There are scarce data to aid in prognostication of the outcome of critically ill cancer patients with
COVID-19. In this systematic review and meta-analysis, we investigated the mortality of critically ill cancer
patients with COVID-19.

METHODS We searched online databases and manually searched for studies in English that reported on
outcomes of adult cancer patients with COVID-19 admitted to an intensive care unit (ICU) or those with severe
COVID-19 between December 2019 and October 2020. Risk of bias was assessed by the Modified Newcastle-
Ottawa Scale. The primary outcome was all-cause mortality. We also determined the odds of death for cancer
patients versus noncancer patients, as also outcomes by cancer subtypes, presence of recent anticancer
therapy, and presence of one or more comorbidities. Random-effects modeling was used.

RESULTS In 28 studies (1,276 patients), pooled mortality in cancer patients with COVID-19 admitted to an ICU
was 60.2% (95% Cl, 53.6t0 6.7; 1> =80.27%), with four studies (7,259 patients) showing higher odds of dying in
cancer versus noncancer patients (odds ratio 1.924; 95% Cl, 1.596 to 2.320). In four studies (106 patients) of
patients with cancer and severe COVID-19, pooled mortality was 59.4% (95% Cl, -39.4t0 77.5; 12=72.28%); in
one study, presence of hematologic malignancy was associated with significantly higher mortality compared with
nonhematologic cancers (odds ratio 1.878; 95% Cl, 1.171 to 3.012). Risk of bias was low.

CONCLUSION Most studies were reported before the results of trials suggesting the benefit of dexamethasone and
tocilizumab, potentially overestimating mortality. The observed mortality of 60% in cancer patients with COVID-
19 admitted to the ICU is not prohibitively high, and admission to the ICU should be considered for selected
patients (registered with PROSPERO, CRD42020207209).
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INTRODUCTION

Since December 2019, the world has been gripped by
COVID-19, the disease caused by severe acute re-
spiratory syndrome coronavirus 2, with more than 174
million cases and 3.75 million deaths. The spectrum of

renal, and pulmonary toxicities*; as well as the co-
existence of comorbidities. Active cancer is associ-
ated with increased odds of death among patients
with COVID-19.° In two large series of cancer patients
with COVID-19, mortality ranged from 13% to 28% .57

COVID-19 spans from asymptomatic through moder-
ate to severe. About 5% of all patients and 20% of
hospitalized patients with COVID-19 may experience
severe manifestations necessitating intensive care unit
(ICU) admission.! Mortality of patients with COVID-19
admitted in the ICU is high. In one meta-analysis,?
31% of patients admitted to the ICU died, whereas in
another, mortality ranged from 0% to 84.6%, with
a pooled mortality of 41.6%.2

Patients with cancer may be at increased risk of
complications and mortality from COVID-19 owing to
the systemic effects of malignancy; immune suppression
after chemotherapy; treatment-related cardiovascular,

Some studies have found that patients with cancer
had a higher risk of severe events and in-hospital
mortality.”-®

Cancer patients with COVID-19 may develop serious
complications necessitating ICU admission. In the
setting of a global pandemic, allocation of intensive
care resources may require triaging or prioritization of
ICU admissions on the basis of outcomes in specific
patient populations, such as those with COVID-19 and
cancer.

An estimate of the mortality rate in cancer patients with
COVID-19 admitted to the ICU on the basis of the
available data could help in the planning and
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CONTEXT

Key Objective

Patients with cancer are at increased risk of complications from COVID-19 and may require admission to an intensive care unit
(ICU). Although several studies have reported on outcomes of cancer patients with COVID-19, our systematic review and
meta-analysis specifically investigated the mortality of cancer patients with COVID-19 admitted to the ICU (28 studies) or
those with severe COVID-19 (four studies). This may help inform decisions whether to admit critically ill patients with cancer
and COVID-19 to an ICU.

Knowledge Generated

The pooled mortality in cancer patients with COVID-19 admitted to an ICU was 60.2%; in cancer patients with severe COVID-
19, pooled mortality was 59.4%.

Relevance

Mortality of critically ill cancer patients with COVID-19 is not prohibitively high. Decisions on ICU admission for these patients
must be individualized taking into account the performance status of the patient and the potential for cure or significant
palliation of the cancer.

prioritization of patients for ICU admission. Although there
are data to suggest that all-cause mortality and the need for
ICU admission were higher in COVID-19 patients with
cancer than those without cancer,”'° other studies have
found no difference between COVID-19 patients with and
without cancer with respect to a composite outcome in-
cluding death, intubation, or ICU admission.!! Very few
studies have specifically reported the mortality of patients
with cancer admitted in ICUs, and there are scarce data to
aid in selection of critically ill cancer patients with COVID-19
for admission to the ICU or help in prognostication of
outcome. Hence, we performed a systematic review and
meta-analysis of the available literature to estimate the
mortality among cancer patients with COVID-19 admitted to
the ICU or those with severe COVID-19.

METHODS

The review was prospectively registered on PROSPERO
(CRD42020207209) and conducted according to Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses guidelines.'? Ethics committee approval was not
required.

Data Sources

We searched for terms related to cancer, COVID-19, and
intensive care. Exact search terms are in the Appendix
Table Al. Various databases including PUBMED, MED-
LINE, SCOPUS, and Web of Science were searched,
supplemented by manually searching Cochrane Library
and Google Scholar. All articles published from the first
report of COVID-19 to October 31, 2020, were eligible to be
included in the review.

Study Selection

All studies in English including retrospective and pro-
spective cohort studies, case-control studies, and case
series were included if they reported adult patients
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(age > 18 years) with cancer and COVID-19 who were
admitted to the ICU. Where ICU admissions were not
specified, patients with cancer and severe or critical
COVID-19 were included and their outcomes were ana-
lyzed separately. Severe disease included clinical signs of
pneumonia plus one of the following: respiratory rate > 30
breaths/min, severe respiratory distress, or SpO, < 90% on
room air. Critical disease included development of the
acute respiratory distress syndrome, sepsis, or septic
shock.'®

In studies that included data on both cancer patients with
COVID-19 admitted to the ICU and those with severe
COVID-19, only the data for patients admitted to the ICU
were extracted. Studies were excluded if the primary out-
come was not reported or it was not possible to extract the
outcome of cancer patients with COVID-19 from the
publication. Preclinical studies, epidemiologic studies,
descriptive studies, and randomized controlled trials or
studies without a report on mortality outcomes in adult
patients with cancer that were admitted to the ICU or had
severe COVID-19 were excluded. Studies were imported to
Rayyan—a Web and mobile app for systematic
reviews—and independently screened by two reviewers
(A.R.N. and S.C.V.). Disagreements were resolved through
mutual discussion, and persistent disagreements were
resolved by a third reviewer (J.V.D.). All three literature
searchers were clinicians working with critically ill patients.
After screening the title and abstracts, full-text studies were
identified and were independently assessed by the two
primary reviewers.

Data Extraction and Quality Assessment

Data extraction and risk of bias assessment was performed
on Microsoft Excel independently by two reviewers (S.C.V.
and A.R.N.), with 20% of studies overlapped to assess
reliability.
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The extracted data points included study setting and design
and stratification of patients with cancer on the basis of the
severity of disease as defined by WHO criteria.’>!® The pri-
mary outcome was all-cause mortality in all patients. We also
determined the primary outcome in the following subgroups:
geographical location, cancer subtypes, presence of recent
anticancer therapy (defined as therapy given within 1 month
of diagnosis of COVID-19), patients receiving mechanical
ventilation in the ICU, and presence of one or more comor-
bidities. Given the paucity of data and the variable length of
follow-up in the included studies, we decided to include
mortality regardless of the period of follow-up.

Secondary outcomes included the need for advanced
support therapies in patients in the ICU and complications
in patients with severe COVID-19. Where available, mor-
tality data in noncancer COVID-19 patients admitted in the
ICU from the same cohort were used to determine the odds
of death for cancer patients compared with noncancer
patients. The risk of bias assessment was carried out using
a Modified Newcastle-Ottawa Scale,'® which reports three
points for selection, two for comparability, and three for
outcomes (Appendix Table A2) Funnel plot asymmetry
generated using Public Health England tool was used to
identify publication bias.”

Data Synthesis

Meta-analysis was conducted using Open Meta-Analyst
(CEBM, Brown University, Providence, RI).!8 The pooling of
the results was performed using the Der Simonian-Laird
random-effects model. Summary of findings tables were
constructed using GRADE pro GDT (GRADEpro Guideline
Development Tool [Software], McMaster University, 2020
[developed by Evidence Prime Incl).’® The primary out-
come identified for meta-analysis was the pooled mortality
rate in patients with COVID-19 admitted to the ICU or
cancer patients with severe COVID-19. Subgroup analysis
for the primary outcome was performed after grouping of
study patients by geographical location (Europe, United
States, China, and multinational), hematologic versus other
cancers, the use of recent anticancer therapy versus former
anticancer therapy, sample size (< 25 v> 25 patients), and
presence of comorbidities. Patients requiring invasive
mechanical ventilation were analyzed separately for pooled
mortality outcomes. The odds of mortality in COVID-19
patients with cancer versus COVID-19 patients without
cancer among patients admitted to the ICU were also
estimated. Primary and secondary outcomes were reported
and graded using GRADEpro GDT,'° tabulated in the
summary of findings tables. Meta-regressions for mortality
were performed for number of days since December 2019.

RESULTS

One thousand three hundred studies were identified on
electronic literature search, with 69 studies identified on
manual searching. After removing duplicates, 1,238
studies were screened by title and abstract; 74 full-text
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articles were identified for eligibility, of which 44 studies
reporting the primary and other outcomes were included for
data extraction. Reasons for exclusion can be identified in
the Preferred Reporting ltems for Systematic Reviews and
Meta-Analyses chart (Fig 1). There were 13 studies from
China with potentially overlapping patients.?32 On the
basis of overlapping study duration and hospital location,
a decision was taken to include only the most recent study
(Yang et al)®® in the meta-analysis for studies reporting
mortality in cancer patients with COVID-19 admitted to the
ICU and the largest cohort (Zhang et al)?® for studies
reporting mortality in cancer patients with severe COVID-19
(Appendix Table A3). Furthermore, two studies detailing
outcomes and risk factors for ICU patients with COVID-19in
Lombardy, ltaly, were identified.>>3* A decision was taken
to include the study with the later date of publication.®*
Twenty-eight studies were included for meta-analysis;
these included patients from Asia (three studies),?®°3° the
Americas (10 studies),>3”*® Europe (13 studies),>3446-%6
and multinational registries (two studies).®*” The 28 studies
that reported mortality in cancer patients with COVID-19
admitted to the ICU included a total of 1,276 patients, with
dates of recruitment ranging from January 23 to June 11,
2020. Four studies that included 106 patients and reported
mortality in cancer patients with severe COVID-19 were
from China (one study),?® Spain (two studies),®®*° and
United Kingdom (one study).®® Figure 2 summarizes the
studies included and the subgroups studied with the pri-
mary and secondary outcomes. Five studies with a total of
131 patients reported mortality outcomes of mechanically
ventilated cancer patients in the ICU.4243515356 Ty
studies reporting mortality of patients with invasive me-
chanical ventilation were excluded from the analysis be-
cause ICU admission was not mentioned; the numbers
including mechanically ventilated patients exceed the
number of patients in the ICU cohort, suggesting that not all
mechanically ventilated patients may have been admitted
to the ICU.%84% Of studies reporting mortality in cancer
patients with COVID-19 admitted to the ICU, four studies
reported mortality outcomes for noncancer patients with
COVID-19526345% and one study reported mortality out-
comes on the basis of cancer subtype.®* For studies
reporting outcomes of cancer patients with severe COVID-
19, one study reported mortality outcomes on the basis of
cancer subtype, recent anticancer therapy, or presence of
one or more comorbidities.® Details of studies included and
outcomes are summarized in Table 1.

Mortality was variably reported in the included studies as
death in ICU, in hospital, at 28 days, at 30 days, or on
a cutoff date (Table 1). The risk of bias assessment on the
basis of the Modified Newcastle-Ottawa Scale was a me-
dian 7/8 (Appendix Table A4).

Cancer Patients With COVID-19 Admitted to the ICU

For cancer patients with COVID-19 admitted to the ICU, the
pooled mortality rate was 60.2% (95% Cl, 53.6 to 66.7),
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quantitative synthesis for
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severe COVID-19
(meta-analysis;
n=4)

Studies included in
quantitative synthesis for
cancer patients with
COVID-19 admitted to the
ICU (meta-analysis;
n=28)

FIG 1. PRISMA chart listing included and excluded studies. ICU, intensive care
PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

with heterogeneity reported at 1> = 80.27% (Table 2, Fig 3).
The largest study was that of Grasselli et al,>* with a cohort
of 331 cancer patients with COVID-19 admitted to the ICU;
however, a sensitivity analysis with the study excluded did
not significantly affect mortality (60.2%; 95% Cl, 52.8 to
67.6) or heterogeneity (1> = 80.98%).

Pooled mortality rate of patients with cancer on invasive
mechanical ventilation in the ICU (five studies, 131 pa-
tients) was 49.4% (95% Cl, 30.9t0 67.9; 1> = 78.1%). The
mortality in cancer patients with COVID-19 admitted to the
ICU was significantly higher than that in noncancer patients
with COVID-19 admitted to the ICU (59.8% [95% ClI, 54.8
to 64.8] v42.3% [95% Cl, 33.6 to 51.1]; odds ratio [OR]
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unit; MERS-COV, Middle East respiratory syndrome coronavirus;

1.924,95% Cl, 1.596 to 2.320). In one study,®* mortality of
patients with hematologic malignancies as compared with
nonhematologic malignancies did not differ significantly
(53.8% [95% Cl, 26.7 t0 80.9] v66.7% [95% Cl, 42.8 to
90.5]; Table 3). Subgroup analysis on the basis of geo-
graphical location revealed significant reduction in het-
erogeneity and increased mortality for studies from Asia
(84.2% [95% Cl, 73.7 to 94.6], 1> = 0) and significant
reduction in heterogeneity for Europe (57% [95% Cl, 50.7
to 63.3], 12 = 51.61). Estimates for mortality by number of
centers and sample size are detailed in Appendix Table Ab.
Funnel plot asymmetry was negative, with two reporting
mortality < 3 standard deviations (Appendix Fig Al).
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Study population

Cancer patients with

Cancer patients with
COVID-19 admitted severe COVID-19

to the ICU

(n = 28 studies) (n = 4 studies)

Subgroups

FIG 2. Schematic repre-
sentation of primary and
secondary outcomes ana-
lyzed. ICU, intensive care
unit.
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therapy v therapy

for more than a month

Cancer v non

(n = 4 studies) (n = 1 study)

. J \ J

{ A 'é \
Hematologic v One or more
nonhematologic comorbidities v no
comorbidities

(n = 1 study) (n =1 study)

All-cause mortality

Complications
of severe
COVID-19

Need for advanced

respiratory support
therapies

Studies reporting percentage of ICU patients who required
advanced respiratory support therapies can be found in
Appendix Table A6.

Meta-regressions for ICU mortality showed that mortality
in cancer patients with COVID-19 admitted to the ICU did
not differ on the basis of the date of recruitment (Appendix
Fig A2).

Cancer Patients With Severe COVID-19

The pooled mortality rate in cancer patients with severe
COVID-19 was 58.4% (95% ClI, 39.4 to 77.5) with 12 of
72.28% (Appendix Table Ab, Appendix Fig A3). Along with
mortality in cancer patients with COVID-19 admitted to the
ICU, mortality in cancer patients with severe COVID-19 is
reported in Table 2. One study of 246 patients with severe
COVID-19 reported higher mortality among patients with
hematologic versus those with nonhematologic cancers
(77.6% [95% ClI, 68.9 10 83.3] v41.3% [95% Cl, 38.2 to
41.4]; OR 1.878; 95% ClI, 1.171 to 3.012; Appendix Table
A7), but there was no difference among patients with
comorbidity compared with those without any comorbidity
(49.1% [95% ClI, 42.510 55.71 v25% [95% Cl, 5 to 49.5];
OR 1.964; 95% Cl, 0.542 to 7.104) or in patients who had
received recent anticancer therapy compared with those
who had not received such therapy (53.5% [95% Cl, 42.9

1290 © 2021 by American Society of Clinical Oncology

to 641 v48.1% [95% Cl, 40.2 to 55.9]; OR 1.113; 95% Cl,
0.708 to 1.748°; Appendix Table A7). Our analysis reports
the prevalence of pulmonary complications (49.7%), car-
diac complications (14.3%), sepsis (11.5%), and renal
complications (8.7%; Appendix Table AS8).

DISCUSSION

Our analysis suggests that the mortality in cancer patients
with COVID-19 who are admitted to ICUs or who have
severe COVID-19 is nearly 60%. Among cancer patients
with severe COVID-19, the odds of death were higher in
patients with hematologic cancers. We also found that
cancer patients with COVID-19 in the ICU had a two-fold
increase in odds of death compared with COVID-19 pa-
tients without cancer.

Patients with cancer may be immunosuppressed because
of disease or treatment and have cancer- or treatment-
related organ dysfunction. Studies comparing cohorts of
cancer and noncancer patients have found that patients
with hematologic malignancies have a higher mortality rate
and incidence of ICU admissions.®®* Another small study
found no significant difference in terms of overall survival
between solid-tumor and hematologic patients, although
patients with a hematologic malignancy showed a non-
significant trend for earlier occurrence of severe events
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TABLE 1. Included Studies

Proportion of Cancer
Patients With COVID-19

Proportion of Cancer

Proportion of Cancer
Patients With Severe

Proportion of
Cancer Patients

Admitted to the ICU for Patients With COVID-19 for Whom With Severe
Length of Whom the Primary COVID-19 Admitted the Primary Outcome COVID-19
Category Study With Country Study Design Study Period Follow-Up Outcome Was Available to the ICU Who Died Was Available Who Died
Studies Fattizzo et al,*”? Italy Single-center, January 23 to NR 2/16 1/2 NR NR
reporting retrospective February 13,
patients 2020
admitted . 188 . A
to the 1CU Gonfiotti et al,*®? Italy Single-center, January 29 to Death or discharge from 2/5 2/2 NR NR
0 the retrospective March 4, 2020 hospital
Krause et al,*?@ United Multicenter, March 9 to April 1, 30-day mortality NR 7/11 NR NR
States retrospective 2020
Gupta et al,>? United States Multicenter, March 4 to April 4, 28-day mortality 112/112 60/112 NR NR
retrospective 2020
Malard et al,>* France Single-center, March 9 to April 4, 10-day mortality NR 2/7 NR NR
retrospective 2020
Robilotti et al,*” United Single-center, March 10 to April 30 days 48/168 17/48 NR NR
States retrospective 7, 2020
Mehta et al,*82 United Multicenter, March 18 to April NR 23/218 15/23 NR NR
States retrospective 8, 2020
Garassino et al,””? Europe  Multicenter, March 26 to April  Death or discharge from 13/200 8/13 NR NR
and United States retrospective 12, 2020 hospital
Martin-Moro et al,**2 Spain  Single-center, March 9 to April Median follow-up of 26 2/34 2/2 17/34 10/17
retrospective 17, 2020 days
Yang et al,>>2 China Multicenter, January 13 to April 30 days 30/205 26/30 52/153 35/52
retrospective 20, 2020
Lara et al,*>® United States Multicenter, March 1 to April NR 20/121 17/20 20/121 17/20
retrospective 22, 2020
Grasselli et al,** Italy Multicenter, February 20 to Followed up till May 30 NR 202/331 NR NR
retrospective April 22, 2020 (minimum 38 days)
Lee et al,**? United Single-center, March 18 to April  Death or discharge from 53/800 23/53 187/800 59/187
Kingdom retrospective 26, 2020 hospital
Joharatnam-Hogan et al,®> Multicenter, March 1 to April NR 1/11 1/1 NR NR
United Kingdom retrospective 28, 2020
Wang et al,*>2 China Single-center, March 1 to April NR 7/36 6/7 NR NR
retrospective 30, 2020
Lunski et al,**? United Multicenter, March 1 to April NR 48/312 31/48 NR NR
States retrospective 30, 2020
Lamure et al,>*® France Multicenter, March 1 to April 30-day mortality 25/89 8/25 NR NR
retrospective 30, 2020
Shah et al,®® United Single-center, March 13to May 5, 30-day mortality 10/80 5/10 NR NR

Kingdom

retrospective

2020

(Continued on following page)
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TABLE 1. Included Studies (Continued)

Proportion of Cancer Proportion of Cancer Proportion of
Patients With COVID-19 Proportion of Cancer Patients With Severe Cancer Patients
Admitted to the ICU for Patients With COVID-19 for Whom With Severe
Length of Whom the Primary COVID-19 Admitted the Primary Outcome covip-19
Category Study With Country Study Design Study Period Follow-Up Outcome Was Available to the ICU Who Died Was Available Who Died
Luo et al,*** United States  Single-center, March 12to May 6, Death or discharge from 21/102 15/21 34/102 NR
retrospective 2020 the hospital
Kuderer et al,®® United Multicenter, March 17 to May 7, 30 days of diagnosis of 132/928 16/52 246/928 121/242
States, Canada, and retrospective 2020 COVID-19
Spain
Singh et al,**? United States Single-center, NR to May 13,  Median 31 days of 30/85 23/30 NR NR
retrospective 2020 follow-up
Passamonti et al,>** Italy Multicenter, February 25 to 28-day mortality 82/536 52/82 194/536 88/194
retrospective May 18, 2020
Haase et al,>*2 Denmark Multicenter, March 10 to May NR NR 17/28 NR NR
retrospective 19, 2020
Garcia-Suarez et al,>>? Multicenter, March 13 to May NR 139/697 92/139 NR NR
Spain retrospective 25, 2020
de Melo et al,*>® Brazil Single-center, April 30 to May 26, NR 32/181 8/32 NR NR
retrospective 2020
Smith et al,**# United Multicenter, March 1 to May 30, NR 29/86 25/29 NR NR
States retrospective 2020
Ramaswamy et al,>*? India  Single-center, March 23 to June 30-day mortality 8/230 5/8 NR NR
retrospective 10, 2020
Lievre et al,>*® France Multicenter, March 1 to June NR 110/1,289 62/110 NR NR
retrospective and 11, 2020
prospective
Studies reporting Zhang et al,?® China Multicenter, January 5to March NR NR NR 56/107 23/56
severe COVID-19 retrospective 18, 2020
Rogado et al,*® Spain Single-center, March 5 to April 7, NR NR NR 717 477
retrospective 2020
Sanchez-Pina et al,*® Spain Single-center, March 7 to April 7, NR NR NR 18/39 11/18
retrospective 2020
Fox et al,%° United Kingdom  Single-center, March 20 to April  Death or discharge from 8/52 NR 25/52 19/25
retrospective 20, 2020 hospital

Abbreviations: ICU, intensive care unit; NR, not reported.
2Studies were extracted for meta-analysis of mortality outcomes of ICU patients. Wherever data on cancer patients with COVID-19 admitted to the ICU was not available, mortality in cancer patients with
severe COVID-19 was meta-analyzed separately.
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TABLE 2. Summary of Findings for Cancer Patients With COVID-19 Admitted to the ICU

Certainty Assessment Effect
No. of Risk of No. of No. of
Studies Study Design Bias Inconsistency Indirectness Imprecision Other Considerations Events Individuals Rate (95% CI) Certainty
1. What is the mortality rate of cancer patients with COVID-19 who get admitted to the ICU? (assessed with mortality rate)
2869293557 Qpservational Serious®  Serious® Not serious Not serious Strong association; all plausible residual 748 1,276 Event rate: 60.2 per 100 DDDD
studies confounding would reduce the ICU admissions (53.6 to HIGH
demonstrated effect 66.7)
2. What is the mortality rate of cancer patients with COVID-19 who get admitted to the ICU on invasive mechanical ventilation? (assessed with mortality rate)
5 Observational Serious®  Serious® Serious® Not serious Strong association; all plausible residual 71 131 Event rate: 49.4 per 100 @@@O
studies confounding would reduce the ICU admissions (30.9 to MODERATE
demonstrated effect 67.9)
Certainty Assessment No. of Patients Effect
No. of Risk of Relative
Studies  Study Design Bias  Inconsistency Indirectness Imprecision Other Considerations Intervention  Comparison (95% CI) Absolute (95% CI) Certainty

3. What is the ICU mortality rate in COVID-19—positive cancer versus noncancer patients?

4 Observational ~ Serious®  Serious® Not serious Not Strong association; all plausible  296/495 2,926/6,764 OR 1.924 16 more deaths per @O
studies serious® residual confounding would (59.8%) (43.3%) (1.596 to 100 (from 12 more LOW
reduce the demonstrated effect 2.320) to 21 more)

4. Mortality rate in cancer patients admitted to the ICU with COVID-19: hematologic versus nonhematologic

1 Observational ~ Serious®  Serious® Not serious ~ Serious® Strong association; all plausible ~ 7/13 10/15 OR 0.808 49 fewer deaths per @O
studies residual confounding would (53.8%) (66.7%) (0.239 to 1,000 (from 343  VERY LOW
reduce the demonstrated effect 2.731) fewer to 179 more)

Abbreviations: ICU, intensive care unit; OR, odds ratio.

?Baseline data from large observational studies. Large losses to follow-up noted.

®Unexplained heterogeneity after subgroup analysis.

Definition of outcome of interest, for example, severity of disease is subjective and may vary across study populations.
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Studies

Fattizzo et al¥

Gonfiotti et al*®

Malard et al®'
Martin-Moro et al*
Grasselli et al**

Lee et al*
Joharatnam-Hogan et al®
Lamure et al®®
Shah et al®
Passamonti et a
Haase et al®
Garcia Suarez et al®

Lievre et al*®

Subgroup Europe (I?> =51.61% , P = .016)

|50

Krause et al*
Gupta et al®
Robilotti et al*’
Mehta et al®
Lara et al®
Lunski et a
Luo et al®
Singh et al*
de Melo et a
Smith et al**
Subgroup Americas (I? = 86.88% , P = .000)

IAS

145

Garassino et al”’

Kuderer et al®

Subgroup Multinational (I? = 76.44% , P = .039)
Yang et al®

Ramaswamy et al*®

Wang et al*®

Subgroup Asia (I = 0%, P=.411)

Overall (I = 80.27% , P = .000)

Estimate (95% Cl) Event/Treatment
0.500 (-0.193 to 1.193) 1/2 s
0.833 (0.412 to 1.255) 2/2 L -
0.286 (~0.049 to 0.620) 2/7 :
0.833 (0.412 to 1.255) 2/2 .
0.610 (0.558 t0 0.663) 202/331 .
0.434 (0.301t0 0.567)  23/53 —_—!
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FIG 3. Meta-analysis, including subgroup analysis on geographical location.

compared with solid-tumor patients.®* Among cancer pa-
tients with COVID-19, cancer type® and active treatment
with chemotherapy, immunotherapy, targeted therapies,
hormonal therapy, surgery, or radiotherapy within four
weeks of diagnosis were not associated with increased
adverse outcomes.*® Unlike these studies that looked at all
patients with cancer and COVID-19, our study was focused
on cancer patients with COVID-19 admitted to the ICU or
those with severe disease. Our analysis too did not reveal
a statistically significant difference in mortality in patients
with recent anticancer therapy and presence of one or more
comorbidities possibly because of paucity in available data.

Before the pandemic, the unadjusted pooled mortality of
critically ill cancer patients in studies published between
2005 and 2015 was 47.1%.%% With advances in oncology
and intensive care, mortality rates of critically ill cancer
patients have further improved and are below 30% in the
ICU and below 40% in hospital.®® On the basis of such
outcomes, most authorities recommend that patients with
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cancer (with the exception of those with very poor per-
formance status and advanced disease for whom no
therapeutic options are available) should be admitted to the
ICU for aggressive treatment or a therapeutic ICU trial for
about 5 days.®® During the COVID-19 pandemic, a meta-
analysis by Armstrong et al® found that the mortality of
critically ill patients with COVID-19 has decreased over the
course of the pandemic from more than 50% to 40%. The
mortality rate of 60% in cancer patients with COVID-19
admitted to the ICU suggests that outcomes in cancer
patients with COVID-19 are not prohibitively high. Fur-
thermore, a majority of patients in the included studies were
treated before the availability of the results of trials that
suggested that dexamethasone and tocilizumab may be
beneficial in patients who receive either oxygen or me-
chanical ventilation.®*% On the basis of such recent ad-
vances in care of patients with COVID-19, our meta-analysis
may overestimate the true mortality of critically ill cancer
patients.
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TABLE 3. Summary of Findings for Cancer Patients With Severe COVID-19
Certainty Assessment

Effect

No. of Risk of No. of No. of
Studies Study Design Bias Inconsistency Indirectness Imprecision Other Considerations Events Individuals

Rate (95% CI) Certainty

1. What is the mortality rate of cancer patients with severe COVID-19? (assessed with mortality rate)

4255860 Qpservational Serious®  Serious® Serious® Not serious Strong association; all plausible residual 57
studies confounding would reduce the
demonstrated effect

106 Event rate: 58.4 per 100 (=11 @)
patients having severe MODERATE
disease (39.4 to 77.5)

Certainty Assessment No. of Patients Effect
No. of Risk of Relative
Studies  Study Design Bias  Inconsistency Indirectness Imprecision Other Considerations Intervention  Comparison (95% CI) Absolute (95% CI) Certainty
2. What is the mortality rate for having severe disease in COVID-19: hematologic versus nonhematologic
1 Observational ~ Serious®  Serious® Not serious Serious® Strong association; all plausible ~ 45/58 109/222 OR 1.878 15 more per 100 OO0
studies residual confounding would (77.6%) (49.1%) (1.171 to (from 4 more to 25 VERY LOW
reduce the demonstrated effect 3.012) more)
3. Mortality rate in cancer patients with severe COVID-19: recent anticancer therapy versus anticancer therapy for more than a month
1 Observational ~ Serious®  Serious® Not serious  Serious® Strong association; all plausible ~ 46/86 75/156 OR 1.113 27 more deaths per @O0
studies residual confounding would (53.5%) (48.1%) (0.708 to 1,000 (from 85 VERY LOW
reduce the demonstrated effect 1.748) fewer to 137 more)
4. Mortality rate in cancer patients with severe COVID-19: one or more comorbidities versus no comorbidities
1 Observational ~ Serious®  Serious® Not serious  Serious® Strong association; all plausible ~ 109/222 3/12 OR 1.964 146 more deaths per @O0
studies residual confounding would (49.1%) (25.0%) (0.542 to 1,000 (from 97 VERY LOW
reduce the demonstrated effect 7.104) fewer to 453 more)

Abbreviation: OR, odds ratio.

2Baseline data from large observational studies. Large losses to follow-up noted.

bUnexplained heterogeneity after subgroup analysis.

°Definition of outcome of interest, for example, severity of disease is subjective and may vary across study populations.
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Our meta-regression falls short of showing a statistically
significant difference in mortality over the period analyzed,
again because of the small numbers of patients studied.

The decision regarding the admission of patients with
cancer to the ICU in the setting of the COVID-19 pandemic
is dictated by various locoregional factors such as avail-
ability of ICU resources, institutional policies, underlying
cancer diagnosis, a decision not to escalate to ICU for futility
in patients with advanced-stage cancer and end-of-life care
decisions during ICU care. In a cohort of 928 patients,
patients with progressive cancer died at a numerically
higher rate without ICU admission than those who were
admitted to an ICU.® This suggests that aggressive in-
terventions might have already been restricted in these
subpopulations and partially explains the similar mortalities
in cancer patients with COVID-19 admitted to the ICU and
those classified as severely ill. Studies included in our
systematic review have noted refusal of ICU admission or
limitation of beds.585° In one multicenter study, only 10% of
eligible patients were admitted to the ICU.57 Similarly, in
another study, patients admitted in the ICU were younger
and had a lower Charlson Comorbidity Index,®” suggesting
a selection bias. Hantel et al reported local crisis standards
of care in the United States that deprioritize patients with
cancer in favor of less aggressive interventions, often
without sufficient precision to differentiate different survival
patterns of cancer subtypes.®® Considerations such as
these may have resulted in several patients being denied
admission to ICUs, explaining the paucity of and lack of
granularity in the data.

As the pandemic wanes in several parts of the world, there
will be occasions when patients with cancer will require
admission to the ICU. We believe that on the basis of the
results of our meta-analysis, mortality in critically ill patients
with COVID-19 and cancer is not prohibitively high, and
patients with COVID-19 must not be denied ICU admission
only on the grounds that they have cancer. These decisions
will need to be individualized taking into account the
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performance status of the patient and the potential for cure
or significant palliation of the cancer.

To our knowledge, this is the first systematic review ex-
ploring mortality in cancer patients with COVID-19 admitted
to the ICU, or with severe COVID-19.'31° Furthermore, the
median risk of bias for our review is 7/8, and the grade of
evidence for the primary outcome using the GRADEpro was
moderate to high and there is a low risk of publication bias.

Patients were included in meta-analysis on the basis of data
that were available for extraction from studies in English that
were published or accepted for publication. We did not
contact authors for individual patient data. Most studies
were performed before publication of trials of therapies
such as dexamethasone and tocilizumab. Our review is
based on observational studies, and the high heterogeneity
noted across studies suggests that results of this review
need to be interpreted with caution. The severity of illness in
terms of physiologic parameters such as the Acute Phys-
iology and Chronic Health Evaluation score or the Se-
quential Organ Failure Assessment score is not
available.®®7° Mortality data are also limited by the numbers
of patients still in ICU or hospital on the cutoff date for
estimation of mortality. Furthermore, despite the inclusion
of 28 studies, we did not have sufficient granularity in the
data to definitively determine differences in outcomes in
important subgroups, such as hematologic versus solid-
tumor malignances and patients receiving active chemo-
therapy versus those not receiving chemotherapy.

In summary, the results of our meta-analysis suggest that
cancer patients with COVID-19 who require admission to an
ICU or those who have severe COVID-19 experience high
mortality. However, denying ICU admission to patients with
COVID-19 only because they have cancer may not be
justified. Targeted interventions to prevent transmission of
severe acute respiratory syndrome coronavirus 2 among
patients with cancer and early therapeutic interventions in
those with COVID-19 are likely to remain very important in
the near future.
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FIG A1. Funnel plot for assessing publication bias. Cancer patients
with COVID-19 admitted to the ICU (x-axis) versus ICU mortality rate
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deviation.

JCO Global Oncology

1.0 4
o £ o O
0.8 O
° 0
é‘ ° O U (o]
8 04 ©)
O 00
O
0.2
50 100 150
Days Since December 2019

FIG A2. Meta-regression for proportion of patients who died in the intensive care unit (on the x-axis) versus date of
recruitment. (on the y-axis). The circles indicate the proportion of patients dying in each study. The circle size is

proportional to the precision of the estimate.

1299



Nadkarni et al

Studies Estimate (95% Cl) Event/Treatment
Zhang et al® 0.411(0.282 to 0.540) 23/56 B :
Rogado et al® 0.571 (0.205 to 0.938) 477 -
Sanchez-Pina et al®® 0.611 (0.386 to 0.836) 11/18 —1i
Fox et al® 0.760 (0.593 to 0.927) 19/25 : |
Overall (12 = 72.28%, P=.013)  0.584 (0.394 to 0.775) 57/106 _—
0.3 0.4 0.5 0.6 0.7 0.8 0.9
Proportion
FIG A3. Meta-analysis of cancer patients with severe COVID-19.
TABLE A1. Search Strategy
Database Search Terms for Electronic Searches
PUBMED (coronavirus[Title/Abstract] OR covid-19[Title/Abstract] OR sars-cov-2[Title/Abstract] OR 2019-ncov[Title/Abstract]) AND

(mortality[Title/Abstract] OR outcomes[Title/Abstract] OR icu[Title/Abstract] OR intensive care[Title/Abstract]) AND
(cancer[Title/Abstract] OR carcinomalTitle/Abstract] OR malignancyl[Title/Abstract])

MEDLINE (coronaviridae[MeSH Terms]) OR sars related coronavirus[MeSH Terms] AND (cancer[MeSH Terms]) OR malignancies
[MeSH Terms]) OR carcinoma[MeSH Terms] AND ((outcome assessment, health care[MeSH Terms]) OR mortality
[MeSH Terms]) OR critical care[MeSH Terms]

SCOPUS TS=(covid-19 OR coronavirus OR sars-cov-2 AND 2019-ncov) AND (mortality OR outcomes OR ICU OR intensive care)
AND (cancer OR carcinoma OR malignancy)

AB=(covid-19 OR coronavirus OR sars-cov-2 AND 2019-ncov) AND (mortality OR outcomes OR ICU OR intensive care)
AND (cancer OR carcinoma OR malignancy)

Web of Science (TITLE-ABS-KEY (cancer) OR TITLE-ABS-KEY (carcinoma) OR TITLE-ABS-KEY (malignancy) AND TITLE-ABS-KEY (covid-
19) OR TITLE-ABS-KEY (sars-ncov-2) OR TITLE-ABS-KEY (2019-ncov) AND TITLE-ABS-KEY (mortality) OR TITLE-ABS-
KEY (outcomes) OR TITLE-ABS-KEY (intensive AND care) OR TITLE-ABS-KEY (icu))

Cochrane Manually reviewed by publication date
Library

Google Scholar  Manually reviewed by publication date

Abbreviation: ICU, intensive care unit.
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TABLE A2. Risk of Bias Assessment—Modified Newcastle-Ottawa Scale
Grouping Item Identifying Item

Selection (maximum three points)

Representativeness of exposed cohort (nonsurvivors) a. Truly representative of the average population of cancer patients with
severe COVID-19/requiring ICU admissions

b. Somewhat representative of the average population of cancer patients
in the ICU with severe COVID-19

O

. Selected group of patients (eg, elderly, cardiac, surgical)

o

. No description of derivation of cohort

Selection of nonexposed cohort (ie, survivors) a. Drawn from the same community as the exposed cohort and numbers
given

Drawn from a different source or numbers not given

o |T

No description of the nonexposed cohort (ie, numbers not given)

Demonstration that outcome of interest was not present at start of study a. Yes

b. No

Comparability (maximum two points)

Comparability of cohorts on the basis of patient demographics . Study reports patient demographics in survivors and nonsurvivors

a
b. Survivors and nonsurvivors not separated, or not reported

Comparability of cohorts on the basis of clinical details

QO

. Study reports clinical information in survivors and nonsurvivors

b. Survivors and nonsurvivors not separated, or not reported

Outcome (maximum three points)

Assessment of outcome a. Record linkage or method reported
b. No description
Was follow-up long enough for outcomes to occur? a. Yes
b. No
Adequacy of follow-up of cohorts (ie,-survival from severe disease/ a. Complete follow-up to completion of ICU stay, all participants
completion of patient ICU stay and reporting of ICU outcome) accounted for

b. Small number lost to follow-up or description of those without
completed ICU stay

c. Low follow-up rate and no description of those lost

o

. No statement

Abbreviation: ICU, intensive care unit.
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TABLE A3. Studies With Potentially Overlapping Patients (December 11, 2019 to April 30, 2020)

Date of

Date Till

Category Study Recruitment Recruitment Mortality Overlapping Study Centers
Studies reporting ICU mortality Guan et al’? December 11, January 31, 2020 3/5 1. Wuhan Jinyintan Hospital, Hubei, China
2019 2. Union Hospital, Tongji Medical College, Huazhong University
Xie ot al?6 January 11, 2020 February 29, 2020 17/24 of Science and Technology, Wuhan, Hubei, China
He et al* January 23, 2020 February 12, 2020 5/5
Yang et al*?®  January 13, 2020 April 10, 2020 26/30
Dai et al*? January 1, 2020  March 1, 2020 3/5
Wang et al*®  NR March 10, 2020  3/4
Zhang et al®*  January 1, 2020  April 30, 2020 4/16
Grasselli February 20,2020 March 18, 2020  NR Lombardy ICU Network
et al*
Grasselli February 20,2020 April 22, 2020 202/331
et a3
Studies reporting severe disease  Dai et al*® January 1, 2020  February 24,2020 12/40 1. Zhongnan Hospital of Wuhan University, China
mortality Zhang et al”*  January 13, 2020 February 26,2020 815 < 1?2?.!:222'?5 I‘S’Qﬂg\l"(fgdyifa'/fﬂsﬁuii?yzgz?fau”i"ersny
Zhang et al**® January 15, 2020 March 18,2020  23/56 3. Renmin Hospital of Wuhan University, Wuhan, China
Wu et al?’ January 9, 2020  March 20, 2020  4/7
Ma et al*® January 1, 2020  March 30, 2020  5/20
Yang et al®®  January 1, 2020  April 15, 2020 11/19

Abbreviations: ICU, intensive care unit; NR, not reported.

?Included in the meta-analysis.
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TABLE A4. Risk of Bias Assessment for Studies
Selection  Comparability Outcomes  Total
Study 3) (2) 3) (8)

Fattizzo et al*”

w
N
w
oo

Kuderer et al®

Singh et al*!

Passamonti et al*®

Haase et al®*

Garcia-Suarez et al*®

de Melo et al*®
Smith et al**

Ramaswamy et al*®

Gonfiotti et al*® 2 2 2 6
Zhang et al*® 3 0 3 6
Krause et al*? 3 2 2 7
Gupta et al® 3 2 2 7
Malard et al®! 3 2 2 7
Rogado et al®® 3 2 3 8
Sanchez-Pina et al*® 3 2 3 8
Robilotti et al®” 3 2 3 8
Mehta et al*® 3 0 2 5
Garassino et al®’ 3 2 3 8
Martin-Moro et al*® 3 0 2 5
Yang et al®® 3 0 2 5
Fox et al® 3 2 2 7
Lara et al*® 3 0 3 6
Grasselli et al** 3 2 3 8
Lee et al* 3 0 3 6
Joharatnam-Hogan et al® 3 2 2 7
Wang et al®® 3 2 2 7
Lunski et al*? 3 0 2 5
Lamure et al*® 3 2 3 8
Shah et al® 3 2 2 7
Luo et al*® 3 0 2 5

3 0 2 5

8 2 2 7

3 2 2 6

S 2 2 7

3 0 3 6

3 0 3 6

3 0 2 5

3 2 2 7

3 2 2 7

Lievre et al*®

NOTE. Rates studies out of a maximum of three points for selection, two for
comparability, and three for outcomes. Modified Newcastle-Ottawa Scale reported in
Table A2.

JCO Global Oncology 1303



Nadkarni et al

TABLE AS5. Subgroup Analysis by Geographical Region, Number of Centers, and Study Size

Group Studies (No.) Mortality, % (95% CI) Residual Heterogeneity, I (%) P
All studies (ICU admissions) 28 60.2 (53.6 to 66.7) 80.27 <-.001
With Grasselli et al* removed 27 60.2 (562.8 to 67.6) 80.98 <-.001
Asia 3 84.2 (73.7 to 94.6) 0 <-.001
Americas 10 62.5 (49.5 to 75.4) 81.88 <-.001
Europe 13 57 (50.7 to 63.3) 51.61 <-.001
Multinational registries 2 439 (14.0to 73.7) 76.44 <-.004
Single or multiple centers
Single 12 56.3 (42.6 to 70.0) 73.63 <-.001
Multiple 16 62.8 (55.5 to 70.0) 86.35
Study size
< 25 patients 13 69.1 (60.5 to 77.7) 17.64 <-.001
> 25 patients 15 56.4 (45.3 to 67.6) 87.77
All studies (severe COVID-19) 4 58.4 (39.4 to 77.5) 72.28 <-.001

Abbreviation: ICU, intensive care unit.

TABLE A6. Advanced Support Therapies—Intensive Care
Intensive Care Support Therapies

Study NIV IMV, No. (% Patients Admitted to the ICU) CRRT ECMO Total Cancer Cohort Cancer Patients With COVID-19 Admitted to the ICU
Krause et al*? — 11 (100) - — 11 11
Malard et al°! — 7 (100) - = 23 7
Robilotti et al®” — 40 (83) - — 168 48
Garassino et al”” — 9 (69) - — 200 13
Martin-Moro — 4 (100) = = 34 2
et al*®
Yang et al*® 11 21 (70) — — 205 30
Fox et al®® — 6 (75) - — 52 8
Lara et al*® 9 9 (45) - = 121 20
Wang et al*® 3 5 (71) - — 36 7
Luo et al*® — 18 (86) - = 102 21
Lunski et al* — 43 (90) - — 312 48
Lamure et al® — 21 (84) - — 89 25
Kuderer et al® — 55 (42) - — 928 132
Singh et al*! — 23 (77) — 7 85 30
Lievre et al®® — 49 (45) — — 1,298 110

NOTE. Data expressed as number of patients (%).
Abbreviations: CRRT, continuous renal replacement therapy; ECMO, extracorporeal membrane oxygenation; ICU, intensive care unit; IMV, invasive
mechanical ventilation; NIV, noninvasive ventilation.
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TABLE A7. Subgroup Analysis on the Basis of Presence of Cancer, Cancer Type, Presence of Comorbidities, and Recent Anticancer Therapy

Outcome Estimate Lower Upper P
Subgroup analysis
Mortality of IMV patients with COVID-19 admitted to the ICU 49.4 309 67.9 < .001
Mortality in patients with COVID-19 admitted to the ICU—cancer 1.924 1.596 2.320 < .001
VErsus noncancer patients
Mortality rate in cancer patients with severe COVID-19: hematologic 1.878 1.171 3.012 < .05
versus nonhematologic
Subgroup analysis: not significant
Mortality rate in cancer patients admitted to the ICU with COVID-19: 0.808 0.239 2.731 731
hematologic versus nonhematologic
Mortality rate in cancer patients with severe COVID-19: recent 1.113 0.708 1.748 .644
anticancer therapy versus anticancer therapy for more than
a month-OR
Mortality rate in cancer patients with severe COVID-19: one or more 1.964 0.542 7.104 .303
comorbidities versus no comorbidities-OR
Abbreviations: ICU, intensive care unit; IMV, invasive mechanical ventilation; OR, odds ratio.
TABLE A8. Complications in Cancer Patients With Severe COVID-19
Pooled Proportion of Complications: Cancer Patients With Severe COVID-19
Outcome Studies  Estimate  Lower  Upper P
Pulmonary complications 4 0.497 0.063 0.931 .025
Cardiac complications 3 0.143 0.042 0.244 .006
Renal complications 3 0.087 0.013 0.161 .022
Sepsis 3 0.115 0.046 0.184  .001
JCO Global Oncology 1305
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