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Patients with cancer represent a particularly vulnerable population at risk of
adverse outcomes related to COVID-19. Collectively, the initial studies, including
patients with and without cancer, confirmed that patients with cancer had a
higher risk of complications and death related to COVID-19. Subsequent studies
on patients with COVID-19 and cancer investigated patient and disease-related
factors associated with COVID-19 severity and morality. Multiple interconnected
factors include demographics, comorbidities, cancer-associated variables,
treatment side effects, and other parameters. However, there is a lack of clarity
on the contributions of any one factor. In this commentary, we deconvolute the
data of specific risk factors associated with worse outcomes due to COVID-19 in
cancer patients and focus on understanding the recommended guidelines to
mitigate COVID-19 risk in this vulnerable population. In the first section, we
highlight the key parameters, including age and race, cancer status, type of
malignancy, cancer therapy, smoking status and comorbidities that impact
outcomes for cancer patients with COVID-19. Next, we discuss efforts made at
the patient, health system, and population levels to mitigate the effects of the
ongoing outbreak for patients with cancer, including (1) screening, barrier and
isolation strategies (2), Masking/PPE (3), vaccination, and (4) systemic therapies
(e.g., evusheld) to prevent disease onset in patients. In the last section, we discuss
optimal treatment strategies for COVID-19, including additional therapies for
patients with COVID-19 and cancer. Overall, this commentary focuses on articles
with high yield and impact on understanding the evolving evidence of risk factors
and management guidelines in detail. We also emphasize the ongoing
collaboration between clinicians, researchers, health system administrators and
policymakers and how its role will be important in optimizing care delivery
strategies for patients with cancer. Creative patient-centered solutions will be
critical in the coming years, post the pandemic.
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Highlights

Patients with cancer represent a particularly vulnerable
population at risk of adverse outcomes related to COVID-19. Since
the beginning of the pandemic, multiple studies, including extensive
cohort studies, have tried to investigate this increased burden for
patients with cancer. However, as the dust settles down, there is a
need for granular data on risk assessment and management to better
guide the therapy of these patients. In this commentary, we
deconvolute the data of specific risk factors associated with worse
outcomes due to COVID-19 in cancer patients and focus on
understanding the recommended guidelines to mitigate COVID-19
risk in this vulnerable population. We highlight the key parameters,
including age and race, cancer status, type of malignancy, cancer
therapy, smoking status and comorbidities that impact outcomes for
cancer patients with COVID-19. We also review the latest guidelines
for the inpatient and outpatient management of COVID-19 for
patients with cancer. For better visual presentation and
understanding, we have also summarized our findings in graphical
format throughout the manuscript. Overall, this commentary focuses
on articles with high yield and impact on understanding the evolving
evidence of risk factors and management guidelines in detail.

1 Introduction

Patients with cancer represent a particularly vulnerable
population at risk of adverse outcomes related to COVID-19.
There are multiple interconnected factors, including demographics,
comorbidities, cancer-associated variables, treatment side effects, and
other parameters that impact COVID-19 risk and severity in cancer.
A series of studies have investigated the significance of various clinical
risk factors on COVID-19 outcomes. However, there is a lack of
clarity on the contributions of any one factor to COVID-19 risk (1).
Risk assessment is critical given that COVID-19 prevention and
treatment recommendations have varied depending on individual
patients’ risk. With the ongoing pandemic, care delivery for cancer
patients, including screening, medical procedures, treatment, and
clinical trials, has been broadly impacted. Strategies to continue care
delivery safely and efficiently during the pandemic have required
multilevel infrastructure modifications. Changes have been
implemented at the level of individual patient and care team
members, clinical operations, institutional operations, and more
In this
commentary, we deconvolute the data of specific risk factors

extensive state/federal policy and guidelines (2).

associated with worse outcomes due to COVID-19 in cancer
patients and focus on understanding the recommended guidelines
to mitigate COVID-19 risk in this vulnerable population.

2 Data source

Given the nature of the pandemic with a need for immediate
access to the data, much of the information which exists to help
inform prognosis and risk factors in cancer patients is derived from
retrospective studies. Cancer registries of patients infected with
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SARS-Cov-2 emerged during the first wave of the pandemic to
address evolving questions about the outcomes of cancer patients
with COVID-19. The COVID-19 and Cancer Consortium (CCC19)
is a retrospective registry to investigate COVID-19 outcomes in
patients with cancer and has spearheaded several landmark works
looking at risk factors in patients with Cancer and COVID-19.
Additional data are derived from UKCCMP (UK), OnCOVID (UK,
Italy, Spain), DOCC (Dutch Oncology COVID-19 Consortium),
GCO-002 CACOVID (French), ASCO registry (USA), N3C
(NCATS’ National COVD Cohort Collaborative), and Teravolt
registries and data sets (3, 4). Retrospective data have biases,
issues of missing data, lack of control, or comparative arm.
However, this data has been very informative in a time of need to
understand variables influencing COVID-19 outcomes. This
commentary focuses on articles with high yield and impact to
understand the risk factors and management guidelines in detail.

3 Key risk factors for severe COVID-19
infection in cancer patients

3.1 Cancer as a risk factor

In the initial reports of COVID-19 from China, patients with
cancer had a higher infection rate than the general population (5-7)
(Figure 1/Box 1). In these studies, patients with cancer made up a
small proportion (0.9%) of COVID-19 cases. In an early
observational study of 1099 patients diagnosed with COVID-19
in Wuhan, Intensive Care Unit (ICU) admission was required in
5.0%, use of mechanical ventilation in 2.3%, and death occurred in
1.4%. Even though only 0.9% had cancer diagnoses, the severe
disease was significantly more frequent in patients with cancer than
in the general population (30% vs. 16%) (6). In the following
analysis of 2,007 hospitalized COVID-19 patients from China, 18
(1%) had a history of cancer. Cancer patients had more severe
diseases with higher rates of ICU admission, mechanical ventilation,
and death (7). According to a report from the Chinese CDC of
72,314 cases, the case fatality rate (CFR) among the subgroup with
cancer was 5.6% compared with 2.3% in the general population (8).
Multiple studies have corroborated these findings (6, 7). As the
pandemic’s epicenter shifted, reports from the US and the UK
demonstrated that cancer is an independent risk factor for COVID-
19 disease severity (9-11) (Figure 2/Box 2). A UK cross-sectional
survey of 16,749 hospitalized COVID-19 patients from the COVID-
19 Clinical Information Network and International Severe Acute
Respiratory and Emerging Infections Consortium [ISARIC] showed
that the risk of death was higher for patients with cardiac,
pulmonary, and kidney disease, as well as cancer after correction
for demographic variables. Patients with a history of cancer had an
increased risk of death due to COVID-19 compared with those
without a cancer history (odds ratio, 1.19; P = 0.019). ISARIC
reported that cancer was a risk factor for death in all age groups,
with a mortality rate of 40.5%, compared with 28.5% in those
without cancer (HR 1.62; P <0.001) (12). Collectively, these initial
studies, including patients with and without cancer, confirmed that
patients with cancer had a higher risk of complications and death
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had COVID-
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« Inan earlier observation study of 1099 patients diagnosed with COVID-19,0.9%

o

(Guan et al.NEJM)

and death. (Liang W. et al. Lancet Oncology)

. -
* Of 5,700 hospitalized patients with COVID-19,
6% carried a cancer diagnosis (Richardson et al,
JAMA)
* Of 5,279 patients with COVID-19 in NYC, 7.6% had cancer diagnosis with
unadjusted odd's ratio of 2.71 (2.16-3.41) for hospital admission (Petrilli et al., BMJ).

4 in patients with cancer than in the general population (30% vs. 16 %).

* In a following analysis of 2,007 hospitalized COVID-19 patients, 1% had cancer. It was observed that
these patients with cancer had higher rates of severe disease , ICU admission, mechanical ventilation

« Chinese CDC report of 72,314 cases showed that case fatality rate (CFR) among the subgroup
with cancer was 5.6% compared to 2.3% in the general population. (Wu Z. et al., JAMA)

Italy:

* Out of 3,988 patients, 8.3% had a history of
malignant neoplasm. Univariate analysis showed
significantly higher mortality in cancer patients
compared to general population.

[HR 145 (1.25 - 1.68)]

(Giacomo Grasselli et al. JAMA Internal Medicine).

e

more frequent

UK:

* A UK cross-sectional survey of 16,749 hospitalized COVID-19 patients
from the COVID-19 Clinical Information Network and international
Severe Acute Respiratory and emerging Infections Consortium [ISARIC]
showed that the risk of death was higher for patients with cancer
(odds ratio, 1.19; P = .019)

* ISARIC reported that cancer was as a risk factor for death in all age
groups, with a mortality rate of 40.5%, compared with 28.5% in those
without cancer (HR 1.62; P < 0.001). [Docherty AB, BMJ).

FIGURE 1
Box-1 Studies establishing cancer as a risk factor for COVID-19.

related to COVID-19. Subsequent studies conducted on patients
with COVID-19 and cancer investigated patient and disease
characteristics associated with COVID-19 severity and morality.
We highlight the key parameters, including age and race, cancer
status, type of malignancy, cancer therapy, smoking status and
comorbidities that impact outcomes for cancer patients with
COVID-19. Figure 3 and Table 1 illustrates the major risk factors
of severe COVID-19 in cancer patients.

3.2 Age and race

Several studies have demonstrated that age, non-Hispanic black
race, and Hispanic ethnicity are negative predictors of Covid-19
outcomes in patients with cancer (15) (Figure 4/Box 3). Among
patients with a recent cancer diagnosis, African American
individuals had a significantly higher risk for COVID-19 infection
than White individuals (16). Even after adjustment for co-

morbidities and disease-related factors, these demographic
variables remained independent predictors of worse outcomes in
cancer patients, paralleling data derived from general cohorts of
patients without cancer. As we better understand the impact of
these demographics on COVID-19 outcomes, it is critical to factor
in the impact of social determinants of health, transportation, access
to care, and virtual resources on outcomes. We need to develop
strategies to bridge disparities for minority and disparate
populations and ensure equitable COVID-19 and cancer-directed
care during the pandemic.

3.3 Cancer status

Various groups have further studied the impact of cancer
status on COVID-19 outcomes (Figure 5/Box 4). While the
definition of active cancer varied across a series of reports,
generally, it has been defined as a metastatic disease in patients

Box 2. COVID-19 and cancer interaction on mortality rates

Cancer and COVID-19 Cancer
COVID-19 without cancer | without COVID-19
(death, 14.93%) (death, 5.26%) (death, 4.03%)
(P <0.001) (P <0.001).

* CCC19, Grivas et al (Annals of Oncology, June 21). (n = 4966).

Associated with 30-day mortality.

FIGURE 2
Box-2 COVID-19 and cancer interaction on mortality rates.
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FIGURE 3

Risk factors of patients with Cancer in COVID-19. Credits for Active cancer image: Jane Hurd. National Cancer Institute.

TABLE 1 Comparison of key risk factors in different observational studies.

Grivas et al.

CCC-19 (n=4966) *
OR (95% ClI)

Cortellini et al. OnCOVID
(n=2795) #
HR (95% Cl)

Sharafeldin et al.
N3C (n=38,614)$
HR (95% Cl)

Age 1.75 1.58 (1.33 - 1.89) ## 1.99 (1.27 - 3.10) $$
(1.59 - 1.93) **

Sex Male [1.46 (1.20 - 1.77)] ref Female [0.92 (0.78 - 1.09)] ref male Female [0.90 (0.83-0.98)], ref male
female

Race (Non-Hispanic black) N/A Black or African American 0.82 (0.73
1.38 (1.09 - 1.755) -0.92)

Ethnicity - Hispanic 1.31 (0.96 -1.80) N/A 0.98 (0.74 - 1.30)

Smoking 1.20 (0.98 - 1.46) ** N/A 1.12 (0.99 - 1.28)

ECOG performance status >2 4.48 (3.34-6.00) N/A

Comorbidities

Charlson-Comorbidity index

Pulmonary comorbidities

1.34 (1.09 - 1.66)

DM

1.23 (1.00 - 1.50)

Cardiovascular

1.17 (0.95 - 1.43)

Renal disorders

Type of cancer

Hematological malignancy

1.31 (1.05 - 1.63)

1.44 (1.10 - 1.87)

>/=2[1.25 (1.06 - 1.46)] (ref 0 - 1)

0.98 (0.71 — 1.36) ref Breast cancer

CCI >/= 4 (2.04 (1.79 - 2.33)

N/A

N/A

N/A

N/A

1.15 (1.02 - 1.29)

Cancer status

Active and progressing

2.88 (2.13 - 3.90)

1.64 (1.36 - 1.99)

N/A

Anticancer Treatment

Cytotoxic therapy

Anti-COVID-19 management

Remdesivir, yes versus no

161 (1.15-2.24)

1.55 (1.10-2.18)

Corticosteroids alone, yes
versus no

1.86 (1.35-2.56)

Any anticancer therapy [1.33 (1.13 - 1.56)] vs. no
anticancer therapy

Any COVID-19 therapy [1.07 (0.92 - 1.25)]

1.52 (1.13 - 2.06)

0.98 (0.84 - 1.14)

Dexamethasone 0.8 (0.7 - 0.9)

*Associated with 30-day mortality. ** Smoking status, ever versus never (13).
$Associated with 1-year all-cause mortality $$ (Age >65 vs. 18-29 as reference) (4).
#Associated with risk of death at 14 days ## (Age >/= 65 vs <65 as reference) (14).
N/A, Not Available.
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Box 3. Socio-demographic risk factors for severe COVID-19

65+ I 2xincrease in risk *&#

Old age

ol

Hispanic Ethnicity:
31% increase in risk *

2’

Smoking:
12-20% increase in risk *#

Non-hispanic black race F
38% increase in risk *

Co-morbidities:
Charlson-Comorbidity index (CCl): >/= 2 25% increase in risk#
CCl >/=42xincrease in risk #

Pulmonary

%( 34% increase in risk*

Diabetes Mellitus

23% increase in risk* @l - ?“
LR

Cardio-vascular
17% increase in risk*

Renal
31% increase in risk*

i

FIGURE 4
Box-3 Socio-demographic risk factors for severe COVID-19.

with solid tumors and/or recent cancer treatment (<90 days from
diagnosis of COVID-19) (17, 18). In the CCC-19 report, patients
with active or progressing cancer were found to have higher 30-
day mortality [OR 2.88 (2.13-3.90)] as compared to patients in
remission or having no evidence of disease (13). A study from the
UKCCMP group on patients with active cancer with COVID-19
showed a mortality rate of 38% (966/2515) (19). Additional
studies have also confirmed that patients with distant metastases
or recurrent disease are at increased risk of worse COVID-19
outcomes than patients without such conditions (20). In
aggregate, these data suggest that patients with active cancer are
particularly vulnerable to adverse COVID-19 outcomes and
warrant special considerations for risk reduction strategies.

3.4 Type of malignancy

Many different registries and consortiums have shown
increased severity and mortality in patients with hematologic
malignancies (HM) (Table 2 and Figure 6/Box 5). HM leads to a
constellation of immune alterations that could compromise the
immune response caused by SARS-CoV-2 (32). Studies have
demonstrated that patients with HM have an increased viral load
compared to non-cancer patients and patients with solid tumors
(33). Additionally, patients with HMs are observed to have a higher
rate of severe, critical COVID infection and significantly increased
mortality risk than those with solid tumors (17, 21-25, 34). They are
at increased risk of mortality regardless of the time of diagnosis or

Box 4. Cancer-specific risk factors for severe COVID-19 and mortality

in SARS-CoV-2 infected cancer patients:

34% increase in risk '?

o
Hematologic malignancy

Composite
endpoint
P cu

Mortality

[

o5 8 & 88 83

Composite
endpoint

s 885882

Mortality

Active and

Progressin
setal A

FIGURE 5

Solid Outcomes

Heme, not leukemia Outcomes

endpoint
icu
Mortality Intubated!

Leukemia Outcomes

Int

ICU Intubated

= I

[]

Hospitalized

Oxygen
requirement

50% increase in risk ' - %
&'
b e

W

Cytotoxic Chemotherapy
s . —
reauement jL ] _\L 3 -
» r e ’ . ‘
S=n wh2f

CAR-T cell therapy
Bone Marrow transplant

Hospitalized  Oxygen
requirement

associated with poor outcomes ¢

jear all-cause mortality.

Box-4 Cancer-specific risk factors for severe COVID-19 mortality in SARS-CoV-2 infected cancer patients.
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TABLE 2 Outcomes in hematological malignancies.

Studies

Overall hematological malignancies

Leukemia

10.3389/fonc.2023.1107384

Myeloproliferative
neoplasms

Jee J et al.
(21

Robilotti
et al. (22)

Williamson
EJetal
(23)

Lee WY W
et al.
(29)

Pinato et al.
(25)

HR of severe or critical COVID-19 disease 1.90, 95% CI
1.30 - 2.80

HR of hospitalization 2.49, 95% CI 1.35-4.67.
HR of severe respiratory illness 1.79, 95% CI 0.97 -
3.32.

HR for COVID-19-related death of 2.80 (95% CI 2.08 —
3.78) in the patient with a HM diagnosis 1 year before
COVID-19 vs. none. 95%

HR for COVID-19-related death of 1.61 (95% CI 1.39 —
1.87) if HM diagnosed >/=5 years ago vs. none.

OR 1.57 (95% CI 1.15-2.15) ref. Solid tumors.

Mean OS in HM patients with COVID-19: 47.6 (95% CI
6.9-34.1 days) vs. 86 days (95% CI 3.7-78.7) in the
overall cohort of patients with cancer and COVID-19.

AML: 87.5% of patients
developed critical illness

Not reported

Not reported

Overall leukemia: Case
Fatality Rate (CFR) 2.25,
1.13-4.57.

Not reported

Not reported

Not reported

Not reported

Lymphoma: CFR 1.63, 1.28-
2.06.

Not reported

Not reported

Not reported

Not reported

Multiple Myeloma: CFR
2.03, 1.42- 2.83.

Not reported

Garcia- The overall mortality rate of 33%. The median time HR for mortality in HR for mortality in patients HR for mortality in
Suarez J. from confirmation of COVID-19 to death was 9 days patients with Hematologic with Hematologic malignancies | patients with Hematologic
et al. (26) (IQR 5-18) malignancies and COVID- and COVID-19. malignancies and COVID-
19. HL HR 1.20 (95% CI 0.56 - 19.
AML HR 2.22 (95% CI 2.58) ref. NHL Multiple Myeloma: HR
1.31-3.74) 0.80 (95% CI 0.49-1.28) ref.
ALL HR 1.52 (95% CI 0.36 NHL
-6.58)
CML HR 0.37 (95% CI
0.08 - 1.70)
CLL HR 0.92 (95% CI
0.56-1.51)
ref. NHL
Vijenthira Pooled risk of death: 34% (95% CI 28-39) Pooled risk of death: Pooled risk of death: Pooled risk of death:
et al. (15) Acute Leukemias: 41% Lymphomas, excluding CLL: MPN: 34% (95% CI 19-51)
(95% CI 30-52) 32% (95% CI 18-48)
CLL: 31% (95% CI 23-40)
Passamonti The standardized mortality ratio of the overall study Mortality HR (95% CI) Mortality HR (95% CI) (ref. Mortality HR (95% CI)
et al. (27) population of HM with COVID-19 was 2.04 (95% CI (ref. Myeloproliferative Myeloproliferative neoplasms) (ref. Myeloproliferative
1.77-2-4 as compared to the overall Italian population neoplasms) HL 1.30 (0.36-4.66) neoplasms)
with COVID-19 AML 3.49 (1.56-7.81) Indolent lymphomas 2.19 MDS 1.58 (0.69-3.62)
ALL 1.65 (0.46-5.94) (1.07-4.48) Plasma cell neoplasms
CLL 1.64 (0.77-3.51) Aggressive lymphomas 2.56 2.48 (1.31-4.69)
(1.34-4.89)
Booth et al. All-cause mortality 44% All-cause mortality OR All-cause mortality OR (95% All-cause mortality OR
(28) (Follow-up period for live patients was 24 days and 11 (95% CI) (ref. Lymphoma CI) (ref. all other subgroups (95% CI) (ref. Lymphoma
days for deceased patients) & Waldenstrom combined) & Waldenstrom
Macroglobulinemia) 0.64 (0.48-0.86) Macroglobulinemia)
ALL, AML & MDS Myeloma & plasmacytoma
combined 2.12 (1.31-3.44) 1.58 (1.13-2.23)
CLL 1.16 (0.69-1.93)
MPN & CML combined
1.58 (1.13-2.23)
Rubinstein 30-day mortality in HM patients with COVID-19: 19% 30-day mortality in 30-day mortality in patients 30-day mortality in
et al. (29) patients with HM subtypes | with HM subtypes having patients with HM subtypes
having COVID-19: COVID-19: having COVID-19:
AML 16% High-grade NHL 24% MDS 37%
ALL 12% Low-grade NHL 16% MPN 29%
CML 16% HL 15% Plasma cell dyscrasias 19%
CLL 22%
Visco et al. Not reported Not reported Overall, 100-day mortality in Not reported
(30) patients with Lymphoma

having COVID-19: 23% (95%
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TABLE 2 Continued

Studies

Overall hematological malignancies

Leukemia

10.3389/fonc.2023.1107384

Myeloproliferative
neoplasms

Regalado- Not reported
Artmandi I

et al. (18)

Mato et al. Not reported
(31)

Not reported

Not reported

CI 20%-27%)

HR (95% CI) for OS (ref.
LBCL)

HL 0.30 (0.15-0.60)

i-NHL (indolent NHL) 0.70
(0.50-0.99)

MCL (Mantle Cell Lymphoma)
0.97 (0.55-1.73)

TCL 1.29 (0.72-2.33)

The overall mortality rate of
34.5% in patients with
Lymphoma having COVID-19
HR of death in high-risk
Lymphoma was 2.8 (95% CI
1.2-6.1) (ref. low-risk)

HR of death in DLBCL was
2.7 (95% CI 1.4-5.2) (ref. FL)

Not reported

CLL: Overall CFR 33% Not reported

ALL, Acute Lymphoid Leukemia; AML, Acute MyeloidLeukemia; CFR, Case Fatality Rate; CLL, Chronic LymphoidLeukemia; CML, chronic Myeloid Leukemia; DLBCL, DiffuseLarge B-Cell
Lymphoma; FL, Folicular Lymphoma; HL,Hodgkin’s Lymphoma; HM, Hematological Malignancies; HR,Hazard Ratio; i-NHL, indolent-Non-Hodgkin’s Lymphoma; IQR,Inter-Quartile Range;
MCL, Mantle Cell Lymphoma; MDS,Myelodysplastic syndrome; MPN, Myeloproliferative Neoplasm;OS, Overall Survival; TCL, T-cell Lymphoma.

concurrent receipt of any specific therapy (chemotherapy, targeted
therapy, or immunotherapy). Earlier reports from Spain and the
UK on the impact of COVID-19 on HM showed CFR of around 32-
40% (35, 36). In a multicenter study of 536 hospitalized patients in
Italy with HM and COVID-19, mortality was approximately 37%,
with 50% developing severe/Critical disease. On calculating the
standardized mortality ratio based on observed and expected death
of this population in Italy, it was found that mortality was 41 times
higher in patients with HM and COVID-19 compared to
individuals with HM without COVID-19 and 2 times higher than

the general population with COVID-19. Amongst HM, a diagnosis
of AML (HR 3.49, 1-56-7-81), indolent non-Hodgkin Lymphoma
(2-19, 1-07-4-48), aggressive non-Hodgkin lymphoma (2-56, 1-34-
4-89), or plasma cell neoplasms (2-48, 1:31-4-69) were associated
with worse overall survival. It was also observed that there was no
association between overall survival and time since HM diagnosis or
last treatment for HMs, indicating that they are at high risk of
mortality regardless of whether they have a recent disease or are on
a specific therapy or both (27). At the same time, a population-
based registry study from Spain showed that patients with HM and

Box 5.Studies establishing Hematological maligancy as a higher risk factor for COVID-19

* Patients with HM and COVID have 3-4 times
higher rates of severe / critical disease compared to

7 Joumal of Hematology & Oncology).

* CCC19 study from USA also showed a 34%
increase in mortality risk in patients with HM.
(Grivas et al., Annals of Oncology)

* COVID-19 + hematological Malignancies (HM) : CFR of around 32-40%. [Earlier reports by Martin-Moro et al., British Journal of
- Hematology (Spain) and Aries at al., British Journal of Hematology (UK.)]

* * Multicenter study of 536 hospitalized patients with HM and COVID- ity : 37%), i etal, Lancet
* 50% developing severe/Critical disease.
] * Mortality of HMs and COVID-19 was 41 times higher than HM without COVID-19 and 2.04 times higher than general population with COVID-19,

COVID-19 cases in general population (Garcia-Suarez et al.,

253 * Ameta-analysis of thirty-four studies including 3249 patients from Asia, Europe, and North America showed:

* UKCCMP vs anon-COVID cancer cohort : patients with HMs had a
more severe COVID-19 vs Solid Tumors. (OR 1-57, p<0-0043).
(Lee LYW et al, Lancet Oncology)

* Compared with the rest of the UKCCMP cohort, leukemia increased
Case Fatality Rate (225; p=0:023). (Lee LYW et al, Lancet Oncology)

* The overall pooled risk of mortality for patients with HM : 34%.
* Patients aged 260 years had a significantly higher risk of death (R, 1.82; 1.45-2.27).

* Recent cancer treatment does not appear to significantly increase the risk of death. (Vijenthira et al, Blood)

FIGURE 6
Box-5 Studies establishing hematological malignancy as a higher risk factor for COVID-19.
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COVID-19 have 3-4 times higher rates of severe/critical disease
compared to COVID-19 cases in the general population (26). A
subsequent analysis of UKCCMP compared to a non-COVID-19
cancer cohort via the UK Office of National Statistics showed
patients with HMs had more severe COVID-19 vs. Solid Tumors
(OR 1:57, p<0-0043). Compared with the rest of the UKCCMP
cohort, leukemia increased CFR (2-25; p=0-023). After correction
for age and sex, patients with HMs who had recent chemotherapy
within 4 weeks of COVID-19 had a 2-fold increased death risk (24).
A meta-analysis of 34 studies including 3249 patients demonstrated
that the overall pooled risk of mortality for patients with HM was
approximately 34% (15).

Within the context of HM, some conditions predispose to worse
outcomes (Figure 7/Box 6). In particular, acute leukemia, plasma
cell neoplasms, and MDS have independently demonstrated worse
outcomes in several reports (27, 28). Data from 757 patients with
HM and COVID-19 from CCC19 showed around 37% of patients
developed severe COVID-19 disease requiring mechanical
ventilation or ICU admission or death. The rate of severe
COVID-19 was highest in patients with chronic lymphocytic
leukemia (CLL) (53%) and lowest in patients with Hodgkin
lymphoma (23%). Unadjusted rates of severe COVID-19
outcomes were higher in patients receiving recent cytotoxic
therapy. Patients receiving cellular therapy or transplant within a
year of COVID-19 diagnosis had similar rates of severe COVID-19
and 30-day mortality compared to patients who had not received
such therapies within a year (29). On comparing overall survival
between T-cell Lymphoma (TCL) as compared to Low-grade B-Cell
lymphoma (LBCL), no significant difference was observed (HR 1.29,
95% CI 0.72-2.33) (30).

Hematological Maligancy

Among Hematological Malignancies
(risk of mortality as compared to Myeloproliferative neoplasms)

* AML 3.5x increase in risk
¢ Indolent non-Hodgkin Lymphoma 2x increase in risk
* Aggressive non-Hodgkin Lymphoma 2.5x increase in risk

* Plasma cell neoplasma 2.5x increase in risk

Viral Load higher as compared to patients without cancer

% leading to worse outcomes

Vaccine Response: low vaccine responses suggesting impaired

immunity to prevent COVID-19 infection

Passamonti F, Cattaneo C, Arcaini L, et al. Clinical characteristics and risk factors
associated with COVID-19 severity in patients with haematological malignancies

in Italy: a retrospective, multicentre, cohort study. Lancet Haematol. 2020;7(10):
e737-e745.

FIGURE 7
Box-6: Hematological malignancy.
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In both a pooled analysis of 23 studies including 412 patients
with multiple myeloma (MM) and a retrospective study conducted
by the International Myeloma Working Group that included 650
patients with MM and Covid, the estimated risk of death due to
COVID-19 was 33% (37) (Figure 8/Box 7). Similarly, a multicenter
retrospective study of adult patients with COVID-19 and
Lymphoma showed overall mortality of 34.5% among patients
with active disease increasing the risk of death by 2.43 times. (HR
2.43,p=0.01) (18). Later, a meta-analysis of 34 studies also showed a
mortality rate of 32% for patients with Lymphoma (15). In March
2021, a multicenter retrospective study from 19 centers in Madrid
focusing on risk factors and mortality in COVID-19 and
Lymphoma showed an overall mortality rate of 34.5% (18).
Among lymphomas, reports have shown variable results. One
study shows that Hodgkin lymphoma and aggressive non-
Hodgkin Lymphoma are associated with worse COVID-19
outcomes (27), while another indicates lower mortality compared
to other HMs (29).

Results of the UKCCMP cohort have shown that leukemia
increased CFR compared to the rest of its cohort of cancer patients
(2-25; p=0-023) (24). CLL is associated with impaired immune
responses to common pathogens leading to a high risk of super-
imposed infections (Figure 9/Box 8). This profound immune
dysregulation is reflected by hypogammaglobulinemia, qualitative
and quantitative B- and T-cell defects, including impaired response
to vaccination, & CD4+ lymphopenia, innate immune dysfunction
and neutropenia (38). In a multicenter study on patients with
COVID-19 and CLL across 43 international centers, hospital
admission occurred in 90% of patients, with a case fatality rate of
33%. Treatment naive (Watch-and-wait) and treated cohorts had
similar rates of admission, ICU admission, intubation, and
mortality with no impact of CLL-directed treatment with Bruton
Tyrosine Kinase inhibitors (BTKi’s) at COVID-19 diagnosis on
survival, suggesting that the subgroup of CLL patients admitted
with COVID-19 were at high risk of death regardless of disease
phase or treatment status (31). Similar results were observed from a
multicenter European cohort study which showed that anti-
leukemic treatment (particularly BTK inhibitors) did not increase
mortality but rather appeared to exert a protective effect. Also, age
and comorbidities did not impact mortality, alluding to the relevant
role of CLL and immunodeficiency (39).

A study evaluating the prognostic significance of SARS-CoV-2
viral loads in patients with and without cancer demonstrated that
patients with HM had higher median viral loads than patients

Box 7. Patients with Lymphoma and Multiple Myeloma at higher risk of

severe COVID-19 disease

« Patients with COVID-19 and lymphoma : Mortality of 32% - 34.5% (Vijenthira et al. Blood).

Artamendi et al. f

« Active disease : risk of death increased by 2.43 times.
« Patients with Multiple Myeloma and COVID-19 : Death rate of 33%. (Gavriatopoulou et al.

Hemasphere).

FIGURE 8
Box-7 Patients with Lymphoma and multiple myeloma at higher risk
of severe COVID-19 disease.
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Box 8. Patients with leukemia at higher risk of severe COVID-19 disease

« Chronicl iredimmune

hoid Leukemia (CLL) == imp. == high risk of super-imposed
infections.

« Case Fatality Rate : 33% (Mato et al. Blood).

« No impact of CLL-directed treatment on survival (Mato et al. Blood, Scarfo et al. Leukemia).

« Decreased serologic response after 2-dose vaccine in patients with CLL. (Herishanu et al. Blood).

FIGURE 9
Box-8 Patients with leukemia at higher risk of severe COVID-19
disease.

without cancer, and high viral load was associated with an increased
risk of in-hospital mortality. Patients with HM have low vaccine
responses suggesting impaired immunity to prevent COVID-19
infection (33). On evaluating vaccine response, patients with CLL,
in particular, had a lower serologic response after a 2-dose regimen
of BNT162b2 mRNA COVID-19 vaccine as compared to sex- and
age-matched healthy control subjects (52% vs. 100%, respectively;
adjusted odds ratio, 0.010; 95% confidence interval, 0.001-0.162; P
<.001) (40). Patients with cancer are also found to have an increased
viral load. Ct (cycle threshold) values and rtPCR can be used as a
marker to evaluate viral load. Ct is defined as the number of cycles
required for the fluorescent signal to exceed background levels and
is inversely proportional to the amount of target nucleic acid in the
sample. It was found that the patients with HM who had received
chemotherapy or targeted therapy within the previous six months
had lower median Ct values than those who had not (22.6 vs. 28.8),
indicating high viral load as compared to other patients (33).

Among the solid tumor malignancies, it is hypothesized that patients
with thoracic cancer have worse outcomes based on the location and risk
associated with COVID-19 pneumonia. Pre-existing lung injury can
impact respiratory reserve and comprise outcomes in patients. CCC-19,
in their updated analysis including 2749 patients with cancer,
demonstrated that the mortality rate in patients with lung cancer
(n=237) was higher (26%, n=61/237) as compared to the overall
cohort (16%, n=433/2749) (41). Similarly, studies from DOCC (Dutch
Oncology COVID-19 Consortium) and GCO-002 CACOVID (France)
have shown that amongst solid tumors, lung or thoracic primary tumor
sites were independently associated with COVID-19 severity and
mortality (17, 42). TERAVOLT registry exclusively evaluated patients
with thoracic cancers (43). On multivariate analysis of 1012 patients with
active thoracic cancer, age > 65 (OR 1.53 CI 1.11-2.1), active smoking
(OR 2 CI 1.3-3), higher stage of cancer (OR 1.9 CI 1.3-2.7), ECOG PS >2
(OR 3.7 CI 2.7-5), steroids prior to COVID diagnosis (OR 1.8 CI 1.2-2.7),
were associated with increased risk of death, while chemotherapy and
TKI therapy use were not and interestingly patients on immunotherapy
appeared to be at a decreased risk for mortality (OR 0.6 CI 0.5-0.97).
Data on COVID-19 risk in patients with secondary lung metastases
instead of primary thoracic tumors have been incompletely
characterized. However, it is hypothesized that such individuals would
be negatively impacted by COVID-19 disease.

While not a malignancy, it is also found that patients with
benign hematologic conditions, particularly individuals with Sickle
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Cell disease, are at higher risk of severe COVID-19 infection as
compared to the general population (44). Findings by Mucalo et al.
show that individuals with SCD who have COVID-19 infection
have higher rates of death due to COVID-19 than the general Black
population. Young adult SCD patients aged 18-34 years had a case
fatality rate of 3.3%, and those aged 34-50 years had a rate of
14.9% (45).

3.5 Type of cancer therapy

Patients with cancer receive various types of systemic therapies
with different mechanisms of action, toxicity profiles, and
outcomes. These therapies range from hormonal, targeted,
cytotoxic chemotherapies, and immunotherapies, including
cellular-based treatments. Several reports have investigated the
impact of systemic therapy type on COVID-19 outcomes (13,
21, 24).

A comprehensive review of the CCC-19 registry evaluating the
differential impact of different treatments in 4,966 patients with
cancer and COVID-19 disease demonstrated that receipt of
cytotoxic chemotherapy within 3 months of COVID-19 diagnosis
was associated with worse COVID-19 disease severity [OR 1.28
(1.04 - 1.58) and 30-day mortality [OR 1.61 (1.15 - 2.24)]. Amongst
cytotoxic regimens, R-CHOP-like, platinum combined with
etoposide, and DNA methyltransferase inhibitors were associated
with the highest 30-day all-cause mortality (13). While the CCC-19
registry represents the most comprehensive dataset, previous
datasets have demonstrated mixed results on the risk associated
with various cancer-directed systemic therapies. Initial reports from
the pandemic were limited by modest statistical power, with a
limited number of chemotherapy patients (21, 46, 47). However, a
meta-analysis of 16 studies including 4,510 cancer patients showed
that COVID-19 patients receiving chemotherapy within the 30 days
preceding a COVID-19 diagnosis were at increased mortality (OR
1.85, 1.26-2.71) after adjusting for confounding variables (48).

Similarly, there have been mixed results regarding the impact of
immunotherapy on COVID-19 outcomes in cancer patients having
COVID-19 (Figure 10/Box 9). Immunotherapy poses a peculiar
risk. On the one hand, PD-1 is hypothesized to improve outcomes
by enhancing immunologic control and viral clearance, whereas, on
the other hand, it can lead to hyperinflammation, cytokine storm,
and ARDS (49, 50). In a comprehensive report evaluating the role of
cancer therapy type on outcomes in patients with COVID-19 and
cancer, there was no significant association with mortality among
patients who had received immunotherapy in the past 3 months vs.
those who did not receive any therapy (13). Contradictory evidence
was seen in one of the reports. On a subgroup analysis from 17
studies comprising 3581 cancer patients, patients who had received
immunotherapy within 90 days showed an increased risk of
exacerbation (OR 2.53,95%1.30-4.91, P = 0.006) (51). However,
another study from the UK of 800 COVID-19 patients with active
cancer: compared with patients who were not on any therapies,
patients on immunotherapy (n=44; OR 0-59 [95% CI 0-27-1-27];
p=0-177) did not have increased risk of severity or COVID-19 (47).
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Box 9. Association of Inmune Checkpoint inhibitors (ICl) with COVID-19 severity
Two hypotheses

PD-1 is hypothesized to improve outcomes PD-1is hyp ized to lead to hyperinfl

by enhancing immunologic control and viral cytokine storm, and ARDS.

clearance.
« However, even though contradictory evidence exists, multiple Luo, Rizvi et al. 2020, Cancer Discovery
studies including meta-analysis i'1ave shown no association Yekeduz, Utkan et al. 2020, European Jouranl of Cancer
between ICl and COVID-19 severity

L R R Lee, Cazier et al. 2020, Lancet
« No association between time-interval of ICl and COVID-19
= . N . Wu, Chu et al. 2020, Cancer Commun (Lond)
diagnosis tothe severity or mortality. (Jee at al. Journal
of Clinical Oncology) Garassino, Whisenant et al. 2020, Lancet Oncology
. L Jee, Foote et al. 2020, Journal of Clinical Oncology
- Ch herapy comb has not shown any
R N R Grivas, Khaki et al. 2021, Annals of Oncology
increased risk (Garrasino et al. Lancet Oncology)
Cao, Gan et al. 2022, Aging
FIGURE 10

Box-9 Association of Immune Checkpoint Inhibitors (ICI) with COVID-19 severity.

Another study included 69 patients and defined 5 groups according
to the interval from the last ICI dose to COVID-19 diagnosis: no
prior PD-1 ever received PD-1; last dose within 6 months, 6 weeks,
and 3 months. Overall, there was no statistically significant
difference in the different groups regarding the rate of
hospitalization, severe disease, or death. Overall, there was no
significant difference in prognosis regardless of PD-1 blockade
exposure (49). At the same time, Wu et al. observed a similar
severity risk in different groups based on the last dose of
immunotherapy. Even though data showed that patients who
received 3 or more cycles of immunotherapy were more likely to
develop severe COVID-19, no statistical significance was observed
(52). In the initial report of 423 COVID-19 and cancer patients by
MSKCC, 31 patients had received an Immune Checkpoint inhibitor
(ICI). They observed a significant association of Immunotherapy as
a risk factor for severe outcomes in ICI-treated patients,
independent of age, cancer type and other co-morbidities (53).
However, in a follow-up report focusing on PD-1 blockade therapy
from the same center, the same findings were disproven after
adjustments for smoking status from the same group of patients
on ICI (n=41) (49). An initial report from the global consortium
(TERAVOLT), including a total of 200 patients with COVID-19
and thoracic cancers from eight countries, showed no impact on the
risk of death for chemotherapy-immunotherapy and ICI alone (43).
No association was observed between the time interval of the last
ICI administration and COVID-19. Treatment with
immunotherapy within 35 days was not associated with the
primary end point of severe or critical COVID-19 event (HR,
1.80; 95% CI, 0.89 to 3.50; P = 0.11), although the number of
patients who received immunotherapy was small (n = 18). When
treatment administration windows were adjusted to 14- or 90-day
intervals from COVID-19 diagnosis, the absence of association
between chemotherapy or immunotherapy treatment and
COVID-19 severe or critical infection was preserved (21).

In a retrospective review of 1545 patients from the Massachusetts
Department of Public Health (DPH) data with cancer treated with
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ICI, there was no difference in mortality of patients receiving ICI.
However, both the patients who were treated with combination
therapy died, which may suggest that monotherapy should be used
in patients at high risk of COVID-19 mortality when clinically
reasonable (54). It was also found that the patients receiving dual
blockade therapy had significantly higher hospital admission and
mortality rates (54, 55). In a meta-analysis of 16 studies, univariate
analyses of immunotherapy within the last 30 days before COVID-19
diagnosis did not increase the risk of severe disease and death in
cancer patients (OR:1.60; 95% CI:0.72-3.52; p = 0.25 and OR:1.12;
95% CI:0.60-2.08; p = 0.72, respectively) (48). A recent meta-analysis
of 20 studies focusing on the safety of administering immunotherapy
in cancer patients with COVID-19 also showed no association with
increased mortality in cancer patients receiving ICI within 30 days
before the diagnosis of COVID-19 (56). Even though results have
been variable, most studies above have concluded that checkpoint
inhibitor treatment appears relatively safe in patients with COVID-19
and cancer irrespective of the number of cycles, duration or interval
of last ICI administration and COVID-19 (21, 47-49).

With regards to other immunologic treatments such as bone
marrow transplant, CAR-T, or other cellular therapies, available
data demonstrates that individuals diagnosed with COVID-19 after
CAR-T-cell therapy experienced lower survival (57, 58), however
robust data on the impact of other cellular therapies are limited.
Furthermore, receipt of CAR-T cell therapy is found to have
significantly lower vaccine responses (59).

Across the board, hormonal/endocrine therapy has not
demonstrated adverse COVID-19 outcomes (13, 47).
Furthermore, given the role of the androgen-regulated gene
TMPRSS2 in SARS-CoV-2 pathogenicity, it was hypothesized that
androgen deprivation therapy in men with prostate cancer might
have a protective effect on COVID-19 outcomes. An analysis of
1106 men with prostate cancer demonstrated no association
between androgen deprivation therapy and mortality (60).

Regarding the outcomes of targeted therapy, the data have been
limited. To date, many prominent studies have shown no impact of
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targeted therapy on mortality (13, 21, 47). Sensitivity analysis by Lee
et al. from 309 cancer patients from MSKCC demonstrated that
receipt of targeted therapy within 35 days was associated with a
trend toward increased risk of ICU stay or death after diagnosis of
COVID-19 (HR, 2.2; 95% CI, 1.1 to 4.3; P = .02). Similarly, the
UKCCMP study, including patients with HM, showed no
association between anti-CD19/anti-CD20 treatment and
increased risk of death (28). Further research focusing on targeted
therapies and their impact on outcomes of COVID-19 is needed to
clarify further the risk associated with treatment.

Additional therapeutic strategies integrate radiation therapy
and also surgery. Data are more limited on the impact of such
treatment strategies on COVID-19 outcomes. In summary, patients
with cancer who were receiving cytotoxic chemotherapy were found
to be at higher risk of COVID-19-related outcomes. In contrast,
other therapies, including immunotherapy, hormonal therapy, and
targeted therapy, were safe overall. However, further studies are
needed to evaluate their impact.

3.6 Comorbidities

Multiple series independent of underlying cancer status have
demonstrated increased mortality risk in patients with underlying
hypertension, diabetes, pulmonary comorbidities, and renal and
cardiovascular co-morbidities. There is a relationship between the
number of comorbidities and associated COVID-19 risk (47).
Similarly, studies in patients with cancer and COVID-19 have
evaluated the effect of comorbidities defined by the Charlson
comorbidity index (CCI) and their impact on COVID-19
outcomes (61, 62). The CCI includes a global assessment of
comorbidity status, including 14 different comorbidities (63).
Higher CCI scores have shown worse outcomes in patients with
cancer and COVID-19 (62, 64). Many studies have demonstrated
that patients with pre-existing pulmonary conditions, including
COPD and asthma, are at risk of worse COVID-19 outcomes,
possibly due to increased inflammatory lung damage leading to
decreased pulmonary reserve (13, 43, 64).

3.7 Smoking

Smoking has many detrimental effects on immune and lung
function. Like pulmonary comorbidities, smoking can reduce
pulmonary reserve due to damage to airways and parenchyma,
potentiating harmful effects of COVID-19. Studies have evaluated
the impact of smoking by categorizing patients as current, former,
or never smokers. Smoking status has been demonstrated to be an
independent factor for mortality in COVID-19 patients (23).
Grivas et al. showed that smoking history was significantly
associated with increased 30-day mortality (13). Other studies
have confirmed these results (34, 43). Multivariate analysis from
the TERAVOLT registry demonstrated that smoking history
among 200 patients with thoracic cancers was the only variable
associated with increased mortality risk (HR 3.18, 95% CI 1.11 -
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9.06) (43). Additionally, smoking use increased the risk of post-
COVID sequelae (65).

3.8 Risk assessment

As new data are available on risk factors associated with
COVID-19 disease severity in cancer patients, risk stratification
tools to aid clinicians in predicting prognosis in patients with
COVID-19 and cancer are limited. A developing resource is the
SMART COVID Navigator, a clinical decision support tool that
allows physicians to predict the fatality and severity of COVID-19
progression given a patient’s medical conditions (66). CCC-19 has
also developed a Geriatric risk assessment index that integrates age,
modified CCI, and ECOG performance status with COVID-19
severity and 30-day mortality among older adults with cancer. On
utilizing this CCC19 geriatric risk index on 5671 patients with
cancer and COVID-19, it was found to be strongly associated with
COVID-severity and 30-day mortality (67). Given the heterogeneity
of competing risk factors in patients with cancer, individualized risk
assessment is critical to predicting the risk of adverse outcomes
associated with COVID-19 in patients with cancer. Such
information will be important in developing personalized
strategies to prevent COVID-19 disease development and
prioritize treatments in patients diagnosed with COVID-19.

4 Prevention

In the high-risk cancer population, prevention has been critical
to curbing the impact of the pandemic on patients with cancer.
Efforts have been made at the patient, health system, and population
levels to mitigate the effects of the ongoing outbreak for patients
with cancer. This includes (1) screening, barrier and isolation
strategies (2), Masking/PPE (3), vaccination, and (4) systemic
therapies (e.g., evusheld) to prevent disease onset in patients.

4.1 Barrier and isolation strategies

Health systems have adapted to the pandemic and developed
mitigation strategies to optimize care delivery for patients with
cancer. Data from the ASCO registry demonstrated significant
changes across oncology practices in response to the pandemic.
The pandemic has catalyzed the expansion of telehealth practices
(68). While this has had several positive effects on clinical practice,
limitations exist, including integration with translator service,
application in rural areas with limited internet access, application
for older adults, and ensuring technical support for clinicians and
patients (65, 69). Clinical practices have employed 1) symptom
screening for both staff and patients before entry into clinical
spaces, 2) asymptomatic COVID-19 testing before receipt of
antineoplastic treatment, procedures/surgeries, or receipt of
radiation treatment (69), and 3) visitor policies to restrict high
volumes in clinical spaces. Furthermore, the deployment of physical
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barriers and restrictions in clinician works spaces have been
established to limit transmission.

At the population level, social distancing measures were
implemented to mitigate the risk of COVID spread. During this
pandemic, many other interventions played an impactful role,
including school closures, senior isolation, limiting social
gatherings, “work from home strategies” for non-emergency
workers, case isolation, restriction on travel, and border closures
in select countries. The changes in contact matrices implemented
during the lockdown reduced the number of contacts by 81%
compared to baseline mixing patterns (70). Additional studies
have demonstrated that social distancing and isolation measures
are beneficial in decreasing mortality and overall economic
expenditure related to COVID-19 (71, 72).

4.2 Masking and personal protection
equipment

Since the pandemic’s beginning, strict masking and Personal
Protection Equipment (PPE) policies have been enforced in
oncology practices. The availability of PPE and the incidence of
Covid-19 cases in different regions made these policies dynamic and
different in different cancer centers. In general, all healthcare
providers and patients are still required to wear a face mask while
inside the centers (73).

4.3 Vaccination

The urgency of this pandemic was a catalyst in the global
research community for rapid vaccine development against
COVID-19. Two mRNA vaccines (BNT162b2 Pfizer-BioNTech
COVID-19 Vaccine [Comirnaty] and Moderna COVID-19
Vaccine [Spikevax] have received full FDA approval (74). Each of
these vaccines requires a series of two injections three or four weeks
apart. At present, vaccination is recommended for all individuals
over the age of 6 months. None of the trials reporting on the efficacy
of the vaccines were explicitly conducted on cancer patients. Several
trials had partial exclusion criteria for cancer patients, particularly
those receiving anticancer therapy. For example, in NCT04470427
and NCT04368728 trials for mRNA-1273-P301 (Moderna vaccine)
and BNT162b2SA (Pfizer & BioNTech vaccine), respectively,
immunosuppressed or deficient patients, as well as those who had
received systemic immunosuppressants at specific time intervals,
were initially excluded from enrollment. Nonetheless, vaccination
has proven to be an effective strategy for mitigating disease severity
in an individual patient and viral spread within the community.
Over time, vaccine efficacy has been eroded by two factors. The first
is that immunity to coronaviruses (whether induced by vaccines or
natural infection) wanes over time and breakthrough and/or
reinfection become increasingly common 4 - 6 months after the
last exposure to the virus or to vaccination. In addition, SARS CoV-
2 has been continuously since its introduction into humans in 2019
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and antibodies raised by the initial vaccines are much less capable of
inducing neutralizing antibodies to the currently circulating
Omicron variants. Because of these two factors, it has become
clear that it will be necessary to boost immunity periodically and
that the “booster” vaccines will need to be tailored to induce
immune responses to contemporaneously circulating strains. At
this writing both Moderna and Pfizer have developed “hybrid”
vaccines that include mRNA that induces expression of two distinct
spike proteins. One is similar to the originally circulating strains
and the other is based on an early Omicron strain. The CDC
recommends that those five and older receive one of the two hybrid
vaccines as a booster if it has been at least two months since their
initial vaccine series (75).

From these phase 3 studies, data has evolved regarding
vaccination in patients with cancer. A study evaluating
seroconversion to SARS-CoV-2 spike (S) protein in patients with
cancer following the first vaccination with the BNT162b2 vaccine
showed that a single vaccine dose failed to induce seroconversion in
most patients with cancer. On boosting the patients at day 21, 95%
of patients with solid cancers were seropositive compared to 30%
who were not boosted. Even though low, seropositivity increased
from 11% in non-boosted patients with HM to 60% in boosted
patients. The response was 100% on boost in the healthy population
(76). Similarly, lower seroconversion rates were observed in patients
with CLL (40) and immunosuppressed individuals, including
patients with cancer (77). While patients with cancer had lower
rates of pre-booster seroconversion, post-booster seroconversion at
4-6 months was 94% for patients with HM and 100% for patients
with solid tumors (78). While seroconversion may not directly
equate with immunity, these studies suggest blunted vaccine
response in immunocompromised individuals with cancer and
provide a rationale for booster vaccination in immune-
compromised individuals. CCC-19 recently reported data on
breakthrough COVID-19 infections in 54 fully and 77 partially
vaccinated patients. These patients had substantial comorbidities
with a higher representation of patients with HM. Lymphopenia, a
strong risk factor for worse outcomes, was present in 46% of fully
vaccinated patients and 28% of unvaccinated patients (79).

4.4 Systemic therapy

Prior to the emergence of the Omicron variant of SARS CoV-2
in late 2021, the FDA had issued a series of emergency use
authorizations (EUA) for long-acting monoclonal antibodies,
such as tixagevimab plus cilgavimab (Evusheld) for pre-exposure
prophylaxis COVID-19 in certain adults and pediatric individuals
(80). As shown by different studies, immunocompromised patients
have a low immune response to vaccines (76-78). Evusheld was
therefore authorized for non-infected individuals with either
moderate to severely compromised immune systems due to
underlying medical conditions or taking immunosuppressive
medications or treatment that may not respond adequately to
vaccination (81). It was also authorized for those individuals who
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are not recommended to get COVID-19 vaccination due to a
history of severe adverse reactions to a COVID-19 vaccine and/or
component(s) of those vaccines. Of concern, laboratory studies
demonstrated lower levels of neutralizing activity for evushield and
all other commercially available monoclonal antibodies to SARS
CoV-2 against the more recently circulating SARS-CoV-2 variants
(82). At this writing there are no FDA approved monoclonal
antibodies for the prevention or treatment of SARS CoV-2.

5 Treatment

COVID-19 management continues to evolve as more data on
optimal treatment strategies and additional therapies are
available to mitigate risk in patients with COVID-19 and
cancer (Figure 11).

5.1 Outpatient management

Several neutralizing antibodies have been investigated for use in
outpatients with COVID-19, including individuals with cancer.
Several randomized, placebo-controlled trials of non-hospitalized
patients with mild to moderate COVID-19 symptoms and certain
risk factors for disease progression demonstrated that the use of anti-
SARS-CoV-2 monoclonal antibody products reduced the risk of
hospitalization and death (83-86). Most of these trials had a very
low presentation of immunocompromised patients (1.5% in
bamlanivimab + etesevimab, 0.7% in casirivimab + imdevimab, not
specified in sotrovimab) (83-86). A retrospective review of 3596
high-risk patients receiving bamlanivimab or casirivimab-imdevimab

10.3389/fonc.2023.1107384

showed a hospitalization rate of 8.4% in immunosuppressed patients
compared to immunocompetent (3.2%) (OR=2.78, 95% CI 1.91-4.00)
(87). Recently, with the emergence of the omicron variant, the activity
of the previously effective monoclonal antibodies has been so
substantially eroded that they no longer provide protection against
infection and they are no longer authorized for this indication by the
FDA (88). Although efforts are underway to develop “universally”
neutralizing monoclonal antibodies, none have yet been delineated,
and the plasticity of the viral spike protein makes this a tall order.
With the decline in efficacy of neutralizing monoclonal antibodies to
SARS CoV-2, therapeutic efforts are increasingly shifting to antiviral
agents. Two oral antiviral agents are available for the high-risk patient
population, including cancer: ritonavir-boosted nirmatrelvir and
molnupiravir (89, 90). Nirmatrelvir is active against a viral protease
that plays an essential role in viral replication, demonstrating antiviral
activity against all coronaviruses known to infect humans. It is packaged
with ritonavir, a robust boosting agent (91, 92). Molnupiravir is a
prodrug form of mutagenic ribonucleoside and results in viral
mutation and lethal mutagenesis, leading to potent antiviral action
(93). A phase three trial of molnupiravir significantly lowered
hospitalization or 29-day mortality rates in initially non-hospitalized,
unvaccinated adults with mild-to-moderate COVID-19 illness (94).
However, only 2% of patients had active cancer in this trial. A separate
phase three trial of ritonavir-boosted nirmatrelvir demonstrated a larger
reduction in hospitalization or death than that observed in the
molnupiravir trial, and it is favored as the first-line choice in patients
who do not have medical contraindications to the use of the drug (95).
Drug-drug interactions with ritonavir represent the most important
challenge to using ritonavir-boosted nirmatrelvir. Several sources are
available to assist in identifying and managing these interactions (96, 97).
Although it can be logistically challenging, patients in higher risk

* Pharmacological management of COVID-19 in patients with cancer
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categories for severe disease outcomes which cannot be treated with
ritonavir-boosted nirmatrelvir should be offered intravenous remdesivir
as a three-day series of outpatient infusions (98).

5.2 Inpatient management

For hospitalized patients, data from randomized controlled
trials (ACTT, RECOVERY, Solidarity) support the use of
remdesivir, dexamethasone, and tocilizumab or barcitinib in
COVID-19 patients admitted to the hospital (99-101). Among all
these treatment modalities, dexamethasone has resulted in lower
28-day mortality among those receiving invasive mechanical
ventilation or oxygen alone (101). Except for remdesivir, other
treatments, including hydroxychloroquine, lopinavir, ivermectin,
and interferon beta-1, have not shown any effect on mortality,
hospitalization, or initiation of ventilation (100, 102, 103). None of
these trials reported the presence or breakdown of cancer patients.

Patients with COVID-19 are also at risk for cytokine storm.
Currently, barcitinib and tocilizumab are approved to mitigate
symptoms and organ damage associated with cytokine storm.
Baricitinib, a Janus kinase (JAK) inhibitory used to treat
rheumatoid arthritis, has immunomodulatory properties and
potential antiviral effects through the impediment of viral entry.
Tocilizumab is a monoclonal antibody against interleukin-6
receptor-alpha, which binds to both membrane and soluble IL-6
receptors, reducing inflammation. It has been used to treat chimeric
antigen receptor (CAR) T cell-induced cytokine release syndrome
in cancer patients (104, 105). Given the role of IL-6 in COVID-19-
associated lung damage, it has been used in this clinical
scenario (106).

5.3 Anticoagulation

COVID-19 has been associated with thrombosis, disseminated
intravascular coagulation (DIC), and cytokine storm. Guidelines for
the use of coagulation are constantly evolving. Various risk
assessment tools like Padua, IMPROVE, or caprine are available
to evaluate VTE risk in COVID-19 and cancer patients (107, 108).
Along with anti-COVID-19 management, anticoagulation has
become an integral part of the management. Anticoagulation can
not only prevent thrombosis but can also delay or even stop the
progression to DIC. Consensus guidelines from the American
Society of Hematology, NIH, NICE, and WHO recommend
initiating standard prophylactic dosing in all in-hospital patients
without contraindications (109-111).

6 Discussion

Adaptability at the patient, health system, and community levels
will be the key to mitigating risk for patients with cancer during the
COVID-19 pandemic. Throughout the pandemic, isolation and
masking strategies have evolved to mitigate risk. The vaccination
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rate has increased significantly. With more than 559,436,368 doses
administered in the US, at least 77% of the population has received
at least one dose, with 65% fully vaccinated by March 2022 (112).
Different cancer societies have published guidelines for efficient
cancer-care delivery during this pandemic (113, 114). Cancer
practices will continue to adapt as newer guidelines and practice
policies evolve throughout the pandemic.

With new changes, there exist many challenges. During the
earlier phase of the pandemic, many clinical and research trials
were halted. Translational research studies dependent on
specimen procurement were also profoundly impacted.
Furthermore, funding has shifted towards COVID-19
mitigation strategies, vaccine development, and treatment
support. However, more funding allocations will be needed for
future research (115). While the majority of available data on
cancer patients stems from retrospective series, a key registry is
the NCI CAPS prospective registry. Accrual was completed on 2/
2022, and results are eagerly waiting. This data registry included
prospective data capture to evaluate risk factors for severe
disease, effects of COVID-19 on cancer therapy, Quality of
Life-related outcomes, and a blood specimen collection for
future biomarker studies (116).

The current impact of the COVID-19 pandemic on cancer care
in the United States has resulted in decreases and delays in
identifying new cancers and the delivery of treatment. In March-
July 2020, compared to the baseline period of March-July 2019,
there was a substantial decrease in cancer screenings, visits, therapy,
and surgeries, varying by cancer type and service site. At the
pandemic’s peak in April 2020, screenings for breast, colon,
prostate, and lung cancers were decreased by 85%, 75%, 74%, and
56%, respectively, within parallel declines in oncologic surgical
procedures and treatments. Along with the significant missed
diagnosis, studies have also shown stage migration, with a higher
proportion of patients presenting at a later stage of the disease (117-
119). There is concern that the next 5-10+ years may show an
increased incidence of late-stage disease with flattening or
worsening cancer mortality as a result of decreased screening
during the pandemic (120, 121). Innovative strategies will be
needed to continue to ensure safe and effective cancer care
delivery and screening strategies during the aftermath of the
pandemic. Possibilities include home cancer screening,
community-based screening, and other approaches (122).

Post-COVID syndrome or long COVID sequelae are a real
concern for patients with cancer. Healthcare practices worldwide
have started establishing post-COVID clinics to tackle this mammoth
task of understanding this survivorship burden. Long-COVID is
associated with not only increased hospitalization for COVID-19
and complicated COVID-19 but also with an increased risk of death
(65). It is observed that Long-Covid occurs in 60% of cancer patients,
and it may persist up to 14 months after acute illness (123). Future
investigation will guide us in deciding expectant management and
surveillance imaging in these Long-COVID with cancer patients
(Figure 12). Whether COVID-related CT changes will affect
restaging or regular surveillance scans is still to be studied. At
cancer centers, we will have to draw parallels between the journey
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Future challenges,

* Whether COVID-19 will increase risk of malignancy in general
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= Will cancer burden increase in near future due to decreased
screening leading to missed diagnosis and stage migration

*Will cancer facilities will have to adapt and change policies again
due to newer variants?

Future directions,
* Prospective trials.
* Newer screening strategies
* Long Covid and Post-COVID clinic

* Survivorship of patients with COVID-19 and cancer

FIGURE 12
Future challenges and directions.

of long COVID and many cancers while evaluating their common
psychosocial, physical, lifestyle, and financial burdens (124). Also, the
future will tell us whether COVID-19 will pose any increased
malignancy risk in the general population.

7 Conclusion

The COVID-19 pandemic has had a dramatic impact on care
delivery for patients with cancer. Ongoing collaboration between
clinicians, researchers, health system administrators and policymakers
will be important to ensure the optimization of care delivery strategies

References

1. Elkrief A, Wu JT, Jani C, Enriquez KT, Glover M, Shah MR, et al. Learning
through a pandemic: The current state of knowledge on COVID-19 and cancer. Cancer
Discovery (2022) 12(2):303-30. doi: 10.1158/2159-8290.CD-21-1368

2. Alagoz O, Lowry KP, Kurian AW, Mandelblatt JS, Ergun MA, Huang H, et al.
Impact of the COVID-19 pandemic on breast cancer mortality in the US: Estimates
from collaborative simulation modeling. J Natl Cancer Inst (2021) 113(11):1484-94.
doi: 10.1093/jnci/djab097

3. Lee AJX, Purshouse K. COVID-19 and cancer registries: Learning from the first
peak of the SARS-CoV-2 pandemic. Br ] Cancer (2021) 124(11):1777-84. doi: 10.1038/
541416-021-01324-x

4. Sharafeldin N, Bates B, Song Q, Madhira V, Yan Y, Dong S, et al. Outcomes of
COVID-19 in patients with cancer: Report from the national COVID cohort
collaborative (N3C). J Clin Oncol (2021) 39(20):2232-46. doi: 10.1200/JC0O.21.01074

5. YuJ, Ouyang W, Chua MLK, Xie C. SARS-CoV-2 transmission in patients with
cancer at a tertiary care hospital in Wuhan, China. JAMA Oncol (2020) 6(7):1108-10.
doi: 10.1001/jamaoncol.2020.0980

6. Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX; et al. Clinical characteristics of
coronavirus disease 2019 in China. N Engl ] Med (2020) 382(18):1708-20. doi: 10.1056/
NEJMo0a2002032

Frontiers in Oncology

10.3389/fonc.2023.1107384

for patients with cancer. Creative patient-centered solutions are going to
be critical in the years to come, post the pandemic.

Author contributions

CJ, RM, and SL contributed to the conception and design of the
review. CJ and RM wrote the first draft of the manuscript. CJ, RS,
and RM wrote sections of the manuscript. RS, RM, and SL
performed a critical review and editing of the final draft. RM and
SL are the corresponding authors. All authors contributed to the
article and approved the submitted version.

Conflict of interest

RM: Advisory board/consultant for Aveo, AstraZeneca, Bayer,
BMS, Calithera, Caris, Dendreon, Exelixis, Janssen, Lilly, Myovant,
Merck, Novartis, Pfizer, Sanofi, SeaGen, Tempus, Telix, Research
funding from AstraZeneca, Tempus, Bayer, Oncternal. RS:
Consultant for Pardes Biosciences.

The remaining authors declare that the research was conducted
in the absence of any commercial or financial relationships that
could be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

7. Liang W, Guan W, Chen R, Wang W, Li ], Xu K, et al. Cancer patients in SARS-
CoV-2 infection: A nationwide analysis in China. Lancet Oncol (2020) 21(3):335-7. doi:
10.1016/S1470-2045(20)30096-6

8. Wu Z, McGoogan JM. Characteristics of and important lessons from the
coronavirus disease 2019 (COVID-19) outbreak in China: Summary of a report of
72314 cases from the Chinese center for disease control and prevention. JAMA (2020)
323(13):1239-42. doi: 10.1001/jama.2020.2648

9. Richardson S, Hirsch JS, Narasimhan M, Crawford JM, McGinn T, Davidson
KW, et al. Presenting characteristics, comorbidities, and outcomes among 5700 patients
hospitalized with COVID-19 in the new York city area. JAMA (2020) 323(20):2052-9.
doi: 10.1001/jama.2020.6775

10. Petrilli CM, Jones SA, Yang J, Rajagopalan H, O'Donnell L, Chernyak Y, et al.
Factors associated with hospital admission and critical illness among 5279 people with
coronavirus disease 2019 in new York city: Prospective cohort study. BMJ (2020) 369:
m1966. doi: 10.1136/bmj.m1966

11. Palmieri C, Turtle L, Docherty A, Harrison E, Drake T, Greenhalf B, et al. 16700
prospective data of first 1,797 hospitalised patients with cancer and COVID-19 derived
from the COVID-19 clinical information network and international severe acute
respiratory and emerging infections consortium, WHO coronavirus clinical

frontiersin.org


https://doi.org/10.1158/2159-8290.CD-21-1368
https://doi.org/10.1093/jnci/djab097
https://doi.org/10.1038/s41416-021-01324-x
https://doi.org/10.1038/s41416-021-01324-x
https://doi.org/10.1200/JCO.21.01074
https://doi.org/10.1001/jamaoncol.2020.0980
https://doi.org/10.1056/NEJMoa2002032
https://doi.org/10.1056/NEJMoa2002032
https://doi.org/10.1016/S1470-2045(20)30096-6
https://doi.org/10.1001/jama.2020.2648
https://doi.org/10.1001/jama.2020.6775
https://doi.org/10.1136/bmj.m1966
https://doi.org/10.3389/fonc.2023.1107384
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Jani et al.

characterisation consortium. Ann Oncol (2020) 31:5992. doi: 10.1016/j.annonc.2020.
08.1735

12. Docherty AB, Harrison EM, Green CA, Hardwick HE, Pius R, Norman L, et al.
Features of 20 133 UK patients in hospital with covid-19 using the ISARIC WHO
clinical characterisation protocol: Prospective observational cohort study. BMJ (2020)
369:m1985. doi: 10.1136/bmj.m1985

13. Grivas P, Khaki AR, Wise-Draper TM, French B, Hennessy C, Hsu CY, et al.
Association of clinical factors and recent anticancer therapy with COVID-19 severity
among patients with cancer: A report from the COVID-19 and cancer consortium. Ann
Oncol (2021) 32(6):787-800. doi: 10.1016/j.annonc.2021.02.024

14. OnCovid Study G, Pinato DJ, Patel M, Scotti L, Colomba E, Dolly S, et al. Time-
dependent COVID-19 mortality in patients with cancer: An updated analysis of the
OnCovid registry. JAMA Oncol (2022) 8(1):114-22. doi: 10.1001/jamaoncol.2021.6199

15. Vijenthira A, Gong IY, Fox TA, Booth S, Cook G, Fattizzo B, et al. Outcomes of
patients with hematologic malignancies and COVID-19: A systematic review and meta-
analysis of 3377 patients. Blood (2020) 136(25):2881-92. doi: 10.1182/blood.2020008824

16. Wang Q, Berger NA, Xu R. Analyses of risk, racial disparity, and outcomes
among US patients with cancer and COVID-19 infection. JAMA Oncol (2021) 7
(2):220-7. doi: 10.1001/jamaoncol.2020.6178

17. de Joode K, Dumoulin DW, Tol J, Westgeest HM, Beerepoot LV, van den
Berkmortel F, et al. Dutch Oncology COVID-19 consortium: Outcome of COVID-19
in patients with cancer in a nationwide cohort study. Eur ] Cancer (2020) 141:171-84.
doi: 10.1016/j.€jca.2020.09.027

18. Regalado-Artamendi I, Jimenez-Ubieto A, Hernandez-Rivas JA, Navarro B,
Nunez L, Alaez C, et al. Risk factors and mortality of COVID-19 in patients with
lymphoma: A multicenter study. Hemasphere (2021) 5(3):e538. doi: 10.1097/
HS9.0000000000000538

19. Varnai C, Palles C, Arnold R, Curley HM, Purshouse K, Cheng VWT, et al.
Mortality among adults with cancer undergoing chemotherapy or immunotherapy and
infected with COVID-19. JAMA Netw Open (2022) 5(2):e220130. doi: 10.1001/
jamanetworkopen.2022.0130

20. Francescangeli F, De Angelis ML, Baiocchi M, Rossi R, Biffoni M, Zeuner A.
COVID-19-Induced modifications in the tumor microenvironment: Do they affect
cancer reawakening and metastatic relapse? Front Oncol (2020) 10:592891. doi:
10.3389/fonc.2020.592891

21. Jee J, Foote MB, Lumish M, Stonestrom AJ, Wills B, Narendra V, et al.
Chemotherapy and COVID-19 outcomes in patients with cancer. J Clin Oncol
(2020) 38(30):3538-46. doi: 10.1200/JC0O.20.01307

22. Robilotti EV, Babady NE, Mead PA, Rolling T, Perez-Johnston R, Bernardes M,
et al. Determinants of COVID-19 disease severity in patients with cancer. Nat Med
(2020) 26(8):1218-23. doi: 10.1038/s41591-020-0979-0

23. Williamson EJ, Walker AJ, Bhaskaran K, Bacon S, Bates C, Morton CE, et al.
Factors associated with COVID-19-related death using OpenSAFELY. Nature (2020)
584(7821):430-6. doi: 10.1038/s41586-020-2521-4

24. Lee LYW, Cazier JB, Starkey T, Briggs SEW, Arnold R, Bisht V, et al. COVID-19
prevalence and mortality in patients with cancer and the effect of primary tumour
subtype and patient demographics: A prospective cohort study. Lancet Oncol (2020) 21
(10):1309-16. doi: 10.1016/51470-2045(20)30442-3

25. Pinato DJ, Zambelli A, Aguilar-Company J, Bower M, Sng C, Salazar R, et al.
Clinical portrait of the SARS-CoV-2 epidemic in European cancer patients. Cancer
Discov (2020) 31(6):1366. doi: 10.1016/j.annonc.2020.10.312

26. Garcia-Suarez J, de la Cruz J, Cedillo A, Llamas P, Duarte R, Jimenez-Yuste V,
et al. Impact of hematologic malignancy and type of cancer therapy on COVID-19
severity and mortality: Lessons from a large population-based registry study. ] Hematol
Oncol (2020) 13(1):133. doi: 10.1186/s13045-020-00970-7

27. Passamonti F, Cattaneo C, Arcaini L, Bruna R, Cavo M, Merli F, et al. Clinical
characteristics and risk factors associated with COVID-19 severity in patients with
haematological malignancies in Italy: A retrospective, multicentre, cohort study. Lancet
Haematol (2020) 7(10):e737-e45. doi: 10.1016/52352-3026(20)30251-9

28. Booth S, Curley HM, Varnai C, Arnold R, Lee LYW, Campton NA, et al. Key
findings from the UKCCMP cohort of 877 patients with haematological malignancy
and COVID-19: Disease control as an important factor relative to recent chemotherapy
or anti-CD20 therapy. Br ] Haematol (2022) 196(4):892-901. doi: 10.1111/bjh.17937

29. Rubinstein S, Lynch RC, Desai A, Stratton C, Jha A, Bakouny Z, et al. Severity of
sars-Cov-2 infection in patients with hematologic malignancies: A COVID-19 and
cancer consortium (CCC19) registry analysis. Blood (2020) 136:28-30. doi: 10.1182/
blood-2020-141937

30. Visco C, Marcheselli L, Mina R, Sassone M, Guidetti A, Penna D, et al. A
prognostic model for patients with lymphoma and COVID-19: A multicentre cohort
study. Blood Adv (2022) 6(1):327-38. doi: 10.1182/bloodadvances.2021005691

31. Mato AR, Roeker LE, Lamanna N, Allan JN, Leslie L, Pagel JM, et al. Outcomes
of COVID-19 in patients with CLL: A multicenter international experience. Blood
(2020) 136(10):1134-43. doi: 10.1182/blood.2020006965

32. Maia C, Martin-Sanchez E, Garces JJ, De Cerio AL, Inoges S, Landecho MF,
et al. Immunologic characterization of COVID-19 patients with hematological
cancer. Haematologica (2020) 106(5):1457-60. doi: 10.3324/haematol.2020.
269878

Frontiers in Oncology

10.3389/fonc.2023.1107384

33. Westblade LF, Brar G, Pinheiro LC, Paidoussis D, Rajan M, Martin P, et al. SARS-
CoV-2 viral load predicts mortality in patients with and without cancer who are hospitalized
with COVID-19. Cancer Cell (2020) 38(5):661-71.€2. doi: 10.1016/j.ccell.2020.09.007

34. Mileham KF, Bruinooge SS, Aggarwal C, Patrick AL, Davis C, Mesenhowski DJ,
et al. Changes over time in COVID-19 severity and mortality in patients undergoing
cancer treatment in the united states: Initial report from the ASCO registry. JCO Oncol
Pract (2022) 18(4):e426-e41. doi: 10.1200/0OP.21.00394

35. Aries JA, Davies JK, Auer RL, Hallam SL, Montoto S, Smith M, et al. Clinical
outcome of coronavirus disease 2019 in haemato-oncology patients. Br ] Haematol
(2020) 190(2):e64-7. doi: 10.1111/bjh.16852

36. Martin-Moro F, Marquet J, Piris M, Michael BM, Saez AJ, Corona M, et al.
Survival study of hospitalised patients with concurrent COVID-19 and haematological
malignancies. Br ] Haematol (2020) 190(1):e16-20. doi: 10.1111/bjh.16801

37. Gavriatopoulou M, Ntanasis-Stathopoulos I, Korompoki E, Terpos E,
Dimopoulos MA. SARS-CoV-2 vaccines in patients with multiple myeloma.
Hemasphere (2021) 5(3):e547. doi: 10.1097/HS9.0000000000000547

38. Baumann T, Delgado J, Montserrat E. CLL and COVID-19 at the hospital clinic
of Barcelona: An interim report. Leukemia (2020) 34(7):1954-6. doi: 10.1038/s41375-
020-0870-5

39. Scarfo L, Chatzikonstantinou T, Rigolin GM, Quaresmini G, Motta M, Vitale C,
et al. COVID-19 severity and mortality in patients with chronic lymphocytic leukemia:
a joint study by ERIC, the European research initiative on CLL, and CLL campus.
Leukemia (2020) 34(9):2354-63. doi: 10.1038/s41375-020-0959-x

40. Herishanu Y, Avivi I, Aharon A, Shefer G, Levi S, Bronstein Y, et al. Efficacy of
the BNT162b2 mRNA COVID-19 vaccine in patients with chronic lymphocytic
leukemia. Blood (2021) 137(23):3165-73. doi: 10.1182/blood.2021011568

41. Rini BL. On behalf of the CCC-19 consortium. understanding the impact of
COVID in cancer patients through the COVID-19 and cancer (CCC-19) and other
COVID consortiums. In: Proceedings of the AACR virtual meeting: COVID-19 and
cancer. Clin Cancer Res (2020), vol. 26. Philadelphia.

42. de Joode K, Tol J, Hamberg P, Cloos M, Kastelijn EA, Borgers JSW, et al. Life-
prolonging treatment restrictions and outcomes in patients with cancer and COVID-
19: an update from the Dutch oncology COVID-19 consortium. Eur J Cancer (2022)
160:261-72. doi: 10.1016/j.¢jca.2021.10.009

43. Garassino MC, Whisenant JG, Huang LC, Trama A, Torri V, Agustoni F, et al.
COVID-19 in patients with thoracic malignancies (TERAVOLT): First results of an
international, registry-based, cohort study. Lancet Oncol (2020) 21(7):914-22. doi:
10.1016/51470-2045(20)30314-4

44. Panepinto JA, Brandow A, Mucalo L, Yusuf F, Singh A, Taylor B, et al.
Coronavirus disease among persons with sickle cell disease, united states, march 20-
may 21, 2020. Emerg Infect Dis (2020) 26(10):2473-6. doi: 10.3201/eid2610.202792

45. Mucalo L, Brandow AM, Mason SF, Singh A, Taylor BW, Woods KJ, et al.
Hospitalization and case fatality in individuals with sickle cell disease and COVID-19
infection. Blood (2020) 136:7-8. doi: 10.1182/blood-2020-137676

46. Kuderer NM, Choueiri TK, Shah DP, Shyr Y, Rubinstein SM, Rivera DR, et al.
Clinical impact of COVID-19 on patients with cancer (CCC19): a cohort study. Lancet
(2020) 395(10241):1907-18. doi: 10.1016/S0140-6736(20)31187-9

47. Lee LY, Cazier JB, Angelis V, Arnold R, Bisht V, Campton NA, et al. COVID-19
mortality in patients with cancer on chemotherapy or other anticancer treatments: A
prospective cohort study. Lancet (2020) 395(10241):1919-26. doi: 10.1016/S0140-6736
(20)31173-9

48. Yekeduz E, Utkan G, Urun Y. A systematic review and meta-analysis: The effect
of active cancer treatment on severity of COVID-19. Eur ] Cancer (2020) 141:92-104.
doi: 10.1016/j.ejca.2020.09.028

49. Luo J, Rizvi H, Egger JV, Preeshagul IR, Wolchok JD, Hellmann MD. Impact of
PD-1 blockade on severity of COVID-19 in patients with lung cancers. Cancer
Discovery (2020) 10(8):1121-8. doi: 10.1158/2159-8290.CD-20-0596

50. Bersanelli M. Controversies about COVID-19 and anticancer treatment with
immune checkpoint inhibitors. Immunotherapy (2020) 12(5):269-73. doi: 10.2217/imt-
2020-0067

51. Wang B, Huang Y. Immunotherapy or other anti-cancer treatments and risk of
exacerbation and mortality in cancer patients with COVID-19: A systematic review and
meta-analysis. Oncoimmunology (2020) 9(1):1824646. doi: 10.1080/2162402X.2020.1824646

52. Wu Q, Chu Q, Zhang H, Yang B, He X, Zhong Y, et al. Clinical outcomes of
coronavirus disease 2019 (COVID-19) in cancer patients with prior exposure to
immune checkpoint inhibitors. Cancer Commun (Lond) (2020) 40(8):374-9. doi:
10.1002/cac2.12077

53. Gonsalves W1, Broniowska K, Jessen E, Petterson XM, Bush AG, Gransee J, et al.
Metabolomic and lipidomic profiling of bone marrow plasma differentiates patients
with monoclonal gammopathy of undetermined significance from multiple myeloma.
Sci Rep (2020) 10(1):10250. doi: 10.1038/s41598-020-67105-3

54. Klebanov N, Pahalyants V, Murphy WS, Theodosakis N, Zubiri L, Klevens RM,
et al. Risk of COVID-19 in patients with cancer receiving immune checkpoint
inhibitors. Oncologist (2021) 26(5):¢898-901. doi: 10.1002/0nco0.13768

55. Rogiers A, Pires da Silva I, Tentori C, Tondini CA, Grimes JM, Trager MH, et al.
Clinical impact of COVID-19 on patients with cancer treated with immune checkpoint
inhibition. J Immunother Cancer (2021) 9(1):¢001931. doi: 10.1136/jitc-2020-001931corrl

frontiersin.org


https://doi.org/10.1016/j.annonc.2020.08.1735
https://doi.org/10.1016/j.annonc.2020.08.1735
https://doi.org/10.1136/bmj.m1985
https://doi.org/10.1016/j.annonc.2021.02.024
https://doi.org/10.1001/jamaoncol.2021.6199
https://doi.org/10.1182/blood.2020008824
https://doi.org/10.1001/jamaoncol.2020.6178
https://doi.org/10.1016/j.ejca.2020.09.027
https://doi.org/10.1097/HS9.0000000000000538
https://doi.org/10.1097/HS9.0000000000000538
https://doi.org/10.1001/jamanetworkopen.2022.0130
https://doi.org/10.1001/jamanetworkopen.2022.0130
https://doi.org/10.3389/fonc.2020.592891
https://doi.org/10.1200/JCO.20.01307
https://doi.org/10.1038/s41591-020-0979-0
https://doi.org/10.1038/s41586-020-2521-4
https://doi.org/10.1016/S1470-2045(20)30442-3
https://doi.org/10.1016/j.annonc.2020.10.312
https://doi.org/10.1186/s13045-020-00970-7
https://doi.org/10.1016/S2352-3026(20)30251-9
https://doi.org/10.1111/bjh.17937
https://doi.org/10.1182/blood-2020-141937
https://doi.org/10.1182/blood-2020-141937
https://doi.org/10.1182/bloodadvances.2021005691
https://doi.org/10.1182/blood.2020006965
https://doi.org/10.3324/haematol.2020.269878
https://doi.org/10.3324/haematol.2020.269878
https://doi.org/10.1016/j.ccell.2020.09.007
https://doi.org/10.1200/OP.21.00394
https://doi.org/10.1111/bjh.16852
https://doi.org/10.1111/bjh.16801
https://doi.org/10.1097/HS9.0000000000000547
https://doi.org/10.1038/s41375-020-0870-5
https://doi.org/10.1038/s41375-020-0870-5
https://doi.org/10.1038/s41375-020-0959-x
https://doi.org/10.1182/blood.2021011568
https://doi.org/10.1016/j.ejca.2021.10.009
https://doi.org/10.1016/S1470-2045(20)30314-4
https://doi.org/10.3201/eid2610.202792
https://doi.org/10.1182/blood-2020-137676
https://doi.org/10.1016/S0140-6736(20)31187-9
https://doi.org/10.1016/S0140-6736(20)31173-9
https://doi.org/10.1016/S0140-6736(20)31173-9
https://doi.org/10.1016/j.ejca.2020.09.028
https://doi.org/10.1158/2159-8290.CD-20-0596
https://doi.org/10.2217/imt-2020-0067
https://doi.org/10.2217/imt-2020-0067
https://doi.org/10.1080/2162402X.2020.1824646
https://doi.org/10.1002/cac2.12077
https://doi.org/10.1038/s41598-020-67105-3
https://doi.org/10.1002/onco.13768
https://doi.org/10.1136/jitc-2020-001931corr1
https://doi.org/10.3389/fonc.2023.1107384
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Jani et al.

56. Cao C, Gan X, HuX, SuY, Zhang Y, Peng X. Association of active immunotherapy
with outcomes in cancer patients with COVID-19: A systematic review and meta-analysis.
Aging (Albany NY) (2022) 14(5):2062-80. doi: 10.18632/aging.203945

57. Spanjaart AM, Ljungman P, de la Camara R, Tridello G, Ortiz-Maldonado V,
Urbano-Ispizua A, et al. Poor outcome of patients with COVID-19 after CAR T-cell
therapy for b-cell malignancies: Results of a multicenter study on behalf of the
European society for blood and marrow transplantation (EBMT) infectious diseases
working party and the European hematology association (EHA) lymphoma group.
Leukemia (2021) 35(12):3585-8. doi: 10.1038/s41375-021-01466-0

58. Sharma A, Bhatt NS, St Martin A, Abid MB, Bloomquist J, Chemaly RF, et al.
Clinical characteristics and outcomes of COVID-19 in haematopoietic stem-cell
transplantation recipients: An observational cohort study. Lancet Haematol (2021) 8
(3):e185-€93. doi: 10.1016/52352-3026(20)30429-4

59. Sesques P, Bachy E, Ferrant E, Safar V, Gossez M, Morfin-Sherpa F, et al.
Immune response to three doses of mRNA SARS-CoV-2 vaccines in CD19-targeted
chimeric antigen receptor T cell immunotherapy recipients. Cancer Cell (2022) 40
(3):236-7. doi: 10.1016/j.ccell.2022.01.010

60. Schmidt AL, Tucker MD, Bakouny Z, Labaki C, Hsu CY, Shyr Y, et al
Association between androgen deprivation therapy and mortality among patients
with prostate cancer and COVID-19. JAMA Netw Open (2021) 4(11):e2134330. doi:
10.1001/jamanetworkopen.2021.34330

61. Christensen DM, Strange JE, Gislason G, Torp-Pedersen C, Gerds T, Fosbol E, et al.
Charlson comorbidity index score and risk of severe outcome and death in Danish COVID-
19 patients. ] Gen Intern Med (2020) 35(9):2801-3. doi: 10.1007/s11606-020-05991-z

62. Lievre A, Turpin A, Ray-Coquard I, Le Malicot K, Thariat J, Ahle G, et al. Risk
factors for coronavirus disease 2019 (COVID-19) severity and mortality among solid
cancer patients and impact of the disease on anticancer treatment: A French
nationwide cohort study (GCO-002 CACOVID-19). Eur J Cancer (2020) 141:62-81.
doi: 10.1016/j.€jca.2020.09.035

63. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying
prognostic comorbidity in longitudinal studies: Development and validation. ] Chronic
Dis (1987) 40(5):373-83. doi: 10.1016/0021-9681(87)90171-8

64. Gray WK, Navaratnam AV, Day J, Wendon J, Briggs TWR. Changes in COVID-
19 in-hospital mortality in hospitalised adults in England over the first seven months of
the pandemic: An observational study using administrative data. Lancet Reg Health Eur
(2021) 5:100104. doi: 10.1016/j.Janepe.2021.100104

65. Pinato DJ, Tabernero J, Bower M, Scotti L, Patel M, Colomba E, et al. Prevalence
and impact of COVID-19 sequelae on treatment and survival of patients with cancer
who recovered from SARS-CoV-2 infection: Evidence from the OnCovid retrospective,
multicentre registry study. Lancet Oncol (2021) 22(12):1669-80. doi: 10.1016/S1470-
2045(21)00573-8

66. Suraj V, Del Vecchio Fitz C, Kleiman LB, Bhavnani SK, Jani C, Shah S, et al. SMART
COVID navigator, a clinical decision support tool for COVID-19 treatment: Design and
development study. ] Med Internet Res (2022) 24(2):¢29279. doi: 10.2196/29279

67. Elkrief A, Hennessy C, Kuderer NM, Rubinstein SM, Wulff-Burchfield E,
Rosovsky RP, et al. Geriatric risk factors for serious COVID-19 outcomes among
older adults with cancer: A cohort study from the COVID-19 and cancer consortium.
Lancet Healthy Longev (2022) 3(3):e143-e52. doi: 10.1016/S2666-7568(22)00009-5

68. ASCO COVID-19 data presented at AACR virtual annual meeting. Available at:
https://www.asco.org/news-initiatives/policy-news-analysis/asco-covid-19-data-
presented-aacr-virtual-annual-meeting (Accessed 10/26/2022).

69. Shaya J, Cabal A, Nonato T, Torriani F, Califano J, Lippman S, et al.
Asymptomatic detection of SARS-CoV-2 among cancer patients receiving infusional
anti-cancer therapy. Cancer Med (2021) 10(24):8763-7. doi: 10.1002/cam4.4373

70. Di Domenico L, Pullano G, Sabbatini CE, Boelle PY, Colizza V. Impact of
lockdown on COVID-19 epidemic in ile-de-France and possible exit strategies. BMC
Med (2020) 18(1):240. doi: 10.1101/2020.04.13.20063933

71. Juranek S, Zoutman FT. The effect of non-pharmaceutical interventions on the
demand for health care and on mortality: Evidence from COVID-19 in Scandinavia. |
Popul Econ (2021) 34(4):1299-320. doi: 10.1007/s00148-021-00868-9

72. Moris D, Schizas D. Lockdown during COVID-19: The Greek success. In Vivo.
(2020) 34(3 Suppl):1695-9. doi: 10.21873/invivo.11963

73. Use personal protective equipment (PPE) when caring for patients with confirmed
or suspected COVID-19. CDC. Available at: https://www.cdc.gov/coronavirus/2019-
ncov/downloads/A_FS_HCP_COVID19_PPE.pdf (Accessed 04/08/2022).

74. COVID-19 vaccines. FDA. Available at: https://www.fda.gov/emergency-
preparedness-and-response/coronavirus-disease-2019-COVID-19/COVID-19-
vaccines (Accessed 02/01/2022).

75. Stay up to date with COVID-19 vaccines including boosters. CDC. Available at:
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/stay-up-to-date.html?s_cid=
11747:updated%20covid%20vaccine:sem.ga:p:RG:GM:gen:PTN:FY22 (Accessed
02/07/2023).

76. Monin L, Laing AG, Munoz-Ruiz M, McKenzie DR, Del Molino Del Barrio I,
Alaguthurai T, et al. Safety and immunogenicity of one versus two doses of the COVID-
19 vaccine BNT162b2 for patients with cancer: Interim analysis of a prospective
observational study. Lancet Oncol (2021) 22(6):765-78. doi: 10.1016/S1470-2045(21)
00213-8

77. Whitaker HJ, Tsang RSM, Byford R, Andrews NJ, Sherlock J, Sebastian Pillai P,
et al. Pfizer-BioNTech and Oxford AstraZeneca COVID-19 vaccine effectiveness and

Frontiers in Oncology

17

10.3389/fonc.2023.1107384

immune response amongst individuals in clinical risk groups. J Infect (2022) 84(5):675—
83. doi: 10.1016/j.jinf.2021.12.044

78. Shapiro LC, Thakkar A, Campbell ST, Forest SK, Pradhan K, Gonzalez-Lugo JD, et al.
Efficacy of booster doses in augmenting waning immune responses to COVID-19 vaccine in
patients with cancer. Cancer Cell (2022) 40(1):3-5. doi: 10.1016/j.ccell.2021.11.006

79. Schmidt AL, Labaki C, Hsu CY, Bakouny Z, Balanchivadze N, Berg SA, et al.
COVID-19 vaccination and breakthrough infections in patients with cancer. Ann Oncol
(2022) 33(3):340-6. doi: 10.1016/j.annonc.2021.12.006

80. Coronavirus (COVID-19) update: FDA authorizes new long-acting monoclonal
antibodies for pre-exposure prevention of COVID-19 in certain individuals. Available at:
https://www.fda.gov/news-events/press-announcements/coronavirus-COVID-19-
update-fda-authorizes-new-long-acting-monoclonal-antibodies-pre-exposure
(Accessed 04/08/2022).

81. Tixagevimab and cilgavimab (Evusheld) for pre-exposure prophylaxis of
COVID-19. JAMA (2022) 327(4):384-5. doi: 10.1001/jamaoncol.2021.6199

82. FDA Releases important information about risk of COVID-19 due to certain
variants not neutralized by evusheld. Available at: https://www.fda.gov/drugs/drug-
safety-and-availability/fda-releases-important-information-about-risk-covid-19-due-
certain-variants-not-neutralized-evusheld (Accessed 11/2/2022).

83. Dougan M, Nirula A, Azizad M, Mocherla B, Gottlieb RL, Chen P, et al.
Bamlanivimab plus etesevimab in mild or moderate covid-19. N Engl ] Med (2021) 385
(15):1382-92. doi: 10.1056/NEJMo0a2102685

84. Group RC. Casirivimab and imdevimab in patients admitted to hospital with
COVID-19 (RECOVERY): A randomised, controlled, open-label, platform trial. Lancet
(2022) 399(10325):665-76. doi: 10.1016/S0140-6736(22)00163-5

85. Gupta A, Gonzalez-Rojas Y, Juarez E, Crespo Casal M, Moya J, Falci DR, et al.
Early treatment for covid-19 with SARS-CoV-2 neutralizing antibody sotrovimab. N
Engl ] Med (2021) 385(21):1941-50. doi: 10.1056/NEJMo0a2107934

86. Takashita E, Kinoshita N, Yamayoshi S, Sakai-Tagawa Y, Fujisaki S, Ito M, et al.
Efficacy of antibodies and antiviral drugs against covid-19 omicron variant. N Engl |
Med (2022) 386(10):995-8. doi: 10.1056/NEJMc2119407

87. Ganesh R, Philpot LM, Bierle DM, Anderson R], Arndt LL, Arndt RF, et al. Real-
world clinical outcomes of bamlanivimab and casirivimab-imdevimab among high-risk
patients with mild to moderate coronavirus disease 2019. J Infect Dis (2021) 224
(8):1278-86. doi: 10.1093/infdis/jiab377

88. Therapeutic management of nonhospitalized adults with COVID-19. Available at:
https://www.COVID19treatmentguidelines.nih.gov/therapies/statement-on-therapies-
for-high-risk-nonhospitalized-patients/ (Accessed 04/08/2022).

89. Covid-19 treatment guidelines. therapeutic management of nonhospitalized
adults with COVID-19. Available at: https://www.covidl9treatmentguidelines.nih.
gov/management/clinical-management-of-adults/nonhospitalized-adults—therapeutic-
management/ (Accessed 10/26/2022).

90. Underlying medical conditions associated with higher risk for severe COVID-19:
Information for healthcare professionals. CDC. Available at: https://www.cdc.gov/
coronavirus/2019-ncov/hcp/clinical-care/underlyingconditions.html (Accessed
10/26/2022).

91. Pillaiyar T, Manickam M, Namasivayam V, Hayashi Y, Jung SH. An overview of
severe acute respiratory syndrome-coronavirus (SARS-CoV) 3CL protease inhibitors:
Peptidomimetics and small molecule chemotherapy. ] Med Chem (2016) 59(14):6595-
628. doi: 10.1021/acs.jmedchem.5b01461

92. Owen DR, Allerton CMN, Anderson AS, Aschenbrenner L, Avery M, Berritt S,
et al. An oral SARS-CoV-2 m(pro) inhibitor clinical candidate for the treatment of
COVID-19. Science (2021) 374(6575):1586-93. doi: 10.1126/science.abl4784

93. Zhou S, Hill CS, Sarkar S, Tse LV, Woodburn BMD, Schinazi RF, et al. Beta-d-
N4-hydroxycytidine inhibits SARS-CoV-2 through lethal mutagenesis but is also
mutagenic to mammalian cells. J Infect Dis (2021) 224(3):415-9. doi: 10.1093/infdis/
jiab247

94. Jayk Bernal A, Gomes da Silva MM, Musungaie DB, Kovalchuk E, Gonzalez A,
Delos Reyes V, et al. Molnupiravir for oral treatment of covid-19 in nonhospitalized
patients. N Engl ] Med (2022) 386(6):509-20. doi: 10.1056/NEJMoa2116044

95. Hammond J, Leister-Tebbe H, Gardner A, Abreu P, Bao W, Wisemandle W,
et al. Oral nirmatrelvir for high-risk, nonhospitalized adults with covid-19. N Engl |
Med (2022) 386(15):1397-408. doi: 10.1056/NEJMo0a2118542

96. Drug-drug interactions between ritonavir-boosted nirmatrelvir (Paxlovid) and
concomitant medications. Available at: https://www.covid19treatmentguidelines.nih.
gov/therapies/antiviral-therapy/ritonavir-boosted-nirmatrelvir-paxlovid-/paxlovid-
drug-drug-interactions/ (Accessed 11/2/2022).

97. PAXLOVID patient eligibility screening checklist tool for prescribers . Available at:
https://www.fda.gov/media/158165/download (Accessed 11/2/2022).

98. Gottlieb RL, Vaca CE, Paredes R, Mera J, Webb BJ, Perez G, et al. Early
remdesivir to prevent progression to severe covid-19 in outpatients. N Engl | Med
(2022) 386(4):305-15. doi: 10.1056/NEJMo0a2116846

99. Beigel JH, Tomashek KM, Dodd LE, Mehta AK, Zingman BS, Kalil AC, et al.
Remdesivir for the treatment of covid-19 - final report. N Engl ] Med (2020) 383
(19):1813-26. doi: 10.1056/NEJM0a2007764

100. Consortium WHOST, Pan H, Peto R, Henao-Restrepo AM, Preziosi MP,
Sathiyamoorthy V, et al. Repurposed antiviral drugs for covid-19 - interim WHO
solidarity trial results. N Engl ] Med (2021) 384(6):497-511. doi: 10.1056/NEJMo0a2023184

frontiersin.org


https://doi.org/10.18632/aging.203945
https://doi.org/10.1038/s41375-021-01466-0
https://doi.org/10.1016/S2352-3026(20)30429-4
https://doi.org/10.1016/j.ccell.2022.01.010
https://doi.org/10.1001/jamanetworkopen.2021.34330
https://doi.org/10.1007/s11606-020-05991-z
https://doi.org/10.1016/j.ejca.2020.09.035
https://doi.org/10.1016/0021-9681(87)90171-8
https://doi.org/10.1016/j.lanepe.2021.100104
https://doi.org/10.1016/S1470-2045(21)00573-8
https://doi.org/10.1016/S1470-2045(21)00573-8
https://doi.org/10.2196/29279
https://doi.org/10.1016/S2666-7568(22)00009-5
https://www.asco.org/news-initiatives/policy-news-analysis/asco-covid-19-data-presented-aacr-virtual-annual-meeting
https://www.asco.org/news-initiatives/policy-news-analysis/asco-covid-19-data-presented-aacr-virtual-annual-meeting
https://doi.org/10.1002/cam4.4373
https://doi.org/10.1101/2020.04.13.20063933
https://doi.org/10.1007/s00148-021-00868-9
https://doi.org/10.21873/invivo.11963
https://www.cdc.gov/coronavirus/2019-ncov/downloads/A_FS_HCP_COVID19_PPE.pdf
https://www.cdc.gov/coronavirus/2019-ncov/downloads/A_FS_HCP_COVID19_PPE.pdf
https://www.fda.gov/emergency-preparedness-and-response/coronavirus-disease-2019-COVID-19/COVID-19-vaccines
https://www.fda.gov/emergency-preparedness-and-response/coronavirus-disease-2019-COVID-19/COVID-19-vaccines
https://www.fda.gov/emergency-preparedness-and-response/coronavirus-disease-2019-COVID-19/COVID-19-vaccines
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/stay-up-to-date.html?s_cid=11747:updated%20covid%20vaccine:sem.ga:p:RG:GM:gen:PTN:FY22
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/stay-up-to-date.html?s_cid=11747:updated%20covid%20vaccine:sem.ga:p:RG:GM:gen:PTN:FY22
https://doi.org/10.1016/S1470-2045(21)00213-8
https://doi.org/10.1016/S1470-2045(21)00213-8
https://doi.org/10.1016/j.jinf.2021.12.044
https://doi.org/10.1016/j.ccell.2021.11.006
https://doi.org/10.1016/j.annonc.2021.12.006
https://www.fda.gov/news-events/press-announcements/coronavirus-COVID-19-update-fda-authorizes-new-long-acting-monoclonal-antibodies-pre-exposure
https://www.fda.gov/news-events/press-announcements/coronavirus-COVID-19-update-fda-authorizes-new-long-acting-monoclonal-antibodies-pre-exposure
https://doi.org/10.1001/jamaoncol.2021.6199
https://www.fda.gov/drugs/drug-safety-and-availability/fda-releases-important-information-about-risk-covid-19-due-certain-variants-not-neutralized-evusheld
https://www.fda.gov/drugs/drug-safety-and-availability/fda-releases-important-information-about-risk-covid-19-due-certain-variants-not-neutralized-evusheld
https://www.fda.gov/drugs/drug-safety-and-availability/fda-releases-important-information-about-risk-covid-19-due-certain-variants-not-neutralized-evusheld
https://doi.org/10.1056/NEJMoa2102685
https://doi.org/10.1016/S0140-6736(22)00163-5
https://doi.org/10.1056/NEJMoa2107934
https://doi.org/10.1056/NEJMc2119407
https://doi.org/10.1093/infdis/jiab377
https://www.COVID19treatmentguidelines.nih.gov/therapies/statement-on-therapies-for-high-risk-nonhospitalized-patients/
https://www.COVID19treatmentguidelines.nih.gov/therapies/statement-on-therapies-for-high-risk-nonhospitalized-patients/
https://www.covid19treatmentguidelines.nih.gov/management/clinical-management-of-adults/nonhospitalized-adults&ndash;therapeutic-management/
https://www.covid19treatmentguidelines.nih.gov/management/clinical-management-of-adults/nonhospitalized-adults&ndash;therapeutic-management/
https://www.covid19treatmentguidelines.nih.gov/management/clinical-management-of-adults/nonhospitalized-adults&ndash;therapeutic-management/
https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-care/underlyingconditions.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-care/underlyingconditions.html
https://doi.org/10.1021/acs.jmedchem.5b01461
https://doi.org/10.1126/science.abl4784
https://doi.org/10.1093/infdis/jiab247
https://doi.org/10.1093/infdis/jiab247
https://doi.org/10.1056/NEJMoa2116044
https://doi.org/10.1056/NEJMoa2118542
https://www.covid19treatmentguidelines.nih.gov/therapies/antiviral-therapy/ritonavir-boosted-nirmatrelvir&ndash;paxlovid-/paxlovid-drug-drug-interactions/
https://www.covid19treatmentguidelines.nih.gov/therapies/antiviral-therapy/ritonavir-boosted-nirmatrelvir&ndash;paxlovid-/paxlovid-drug-drug-interactions/
https://www.covid19treatmentguidelines.nih.gov/therapies/antiviral-therapy/ritonavir-boosted-nirmatrelvir&ndash;paxlovid-/paxlovid-drug-drug-interactions/
https://www.fda.gov/media/158165/download
https://doi.org/10.1056/NEJMoa2116846
https://doi.org/10.1056/NEJMoa2007764
https://doi.org/10.1056/NEJMoa2023184
https://doi.org/10.3389/fonc.2023.1107384
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Jani et al.

101. Group RC, Horby P, Lim WS, Emberson JR, Maftham M, Bell JL, et al.
Dexamethasone in hospitalized patients with covid-19. N Engl ] Med (2021) 384
(8):693-704. doi: 10.1056/NEJMo0a2021436

102. Rivera DR, Peters S, Panagiotou OA, Shah DP, Kuderer NM, Hsu CY, et al.
Utilization of COVID-19 treatments and clinical outcomes among patients with cancer:
A COVID-19 and cancer consortium (CCC19) cohort study. Cancer Discovery (2020)
10(10):1514-27. doi: 10.1158/2159-8290.CD-20-0941

103. Naggie S, Boulware DR, Lindsell CJ, Stewart TG, Gentile N, Collins S, et al.
Effect of ivermectin vs placebo on time to sustained recovery in outpatients with mild to
moderate COVID-19: A randomized clinical trial. JAMA (2022) 328(16):1595-603. doi:
10.1001/jama.2022.18590

104. Kotch C, Barrett D, Teachey DT. Tocilizumab for the treatment of chimeric
antigen receptor T cell-induced cytokine release syndrome. Expert Rev Clin Immunol
(2019) 15(8):813-22. doi: 10.1080/1744666X.2019.1629904

105. Brudno JN, Kochenderfer JN. Recent advances in CAR T-cell toxicity:
Mechanisms, manifestations and management. Blood Rev (2019) 34:45-55. doi:
10.1016/.blre.2018.11.002

106. Bonomi M, Maltese M, Brighenti M, Muri M, Passalacqua R. Tocilizumab for
COVID-19 pneumonia in a patient with non-small-cell lung cancer treated with
chemoimmunotherapy. Clin Lung Cancer (2021) 22(1):e67-¢9. doi: 10.1016/
j.cl1c.2020.08.002

107. Liu X, Liu C, Chen X, Wu W, Lu G. Comparison between caprini and padua
risk assessment models for hospitalized medical patients at risk for venous
thromboembolism: A retrospective study. Interact Cardiovasc Thorac Surg (2016) 23
(4):538-43. doi: 10.1093/icvts/ivw158

108. Rosenberg D, Eichorn A, Alarcon M, McCullagh L, McGinn T, Spyropoulos
AC. External validation of the risk assessment model of the international medical
prevention registry on venous thromboembolism (IMPROVE) for medical patients in a
tertiary health system. ] Am Heart Assoc (2014) 3(6):e001152. doi: 10.1161/
JAHA.114.001152

109. Horowitz NA, Brenner B. Thrombosis and hemostasis issues in cancer patients
with COVID-19. Semin Thromb Hemost. (2020) 46(7):785-8. doi: 10.1055/s-0040-
1714275

110. Leentjens J, Van Haaps TF, Wessels PF, Schutgens RE, Middeldorp S. COVID-
19-associated coagulopathy and antithrombotic agents—lessons after 1 year. Lancet
Haematol (2021) 8(7):e524-33. doi: 10.1016/52352-3026(21)00105-8

111. COVID-19 rapid guidlines. NICE. Available at: https://app.magicapp.org/
#/guideline/L4Qb5n/section/jb40ln (Accessed 04/08/2022).

Frontiers in Oncology

18

10.3389/fonc.2023.1107384

112. Tracking coronavirus vaccinations around the world. Available at: https://www.
nytimes.com/interactive/2021/world/covid-vaccinations-tracker.html (Accessed
03/31/2022).

113. Asco special report: A guide to cancer care during the coviddelivery 19 pandemic.
Available at: https://www.asco.org/practice-policy/policy-issues-statements/asco-in-
action/covid-19-guidance-practices-translated-seven (Accessed 04/08/2022).

114. Cancer patient management during the covid-19 pandemic . ESMO. Available
at: https://www.esmo.org/guidelines/cancer-patient-management-during-the-covid-
19-pandemic (Accessed 04/08/2022).

115. Colbert LE, Kouzy R, Abi Jaoude J, Ludmir EB, Taniguchi CM. Cancer research
after COVID-19: Where do we go from here? Cancer Cell (2020) 37(5):637-8. doi:
10.1016/j.ccell.2020.04.003

116. NCI COVID-19 in cancer patients, NCCAPS study. Available at: https://
clinicaltrials.gov/ct2/show/NCT04387656.

117. Zhou JZ, Kane S, Ramsey C, Akhondzadeh M, Banerjee A, Shatsky R, et al.
Comparison of early- and late-stage breast and colorectal cancer diagnoses during vs
before the COVID-19 pandemic. JAMA Netw Open (2022) 5(2):¢2148581. doi: 10.1001/
jamanetworkopen.2021.48581

118. Guven DC, Sahin TK, Yildirim HC, Cesmeci E, Incesu FGG, Tahillioglu Y, et al.
Newly diagnosed cancer and the COVID-19 pandemic: Tumour stage migration and higher
early mortality. BMJ Support Palliat Care (2021). doi: 10.1136/bmjspcare-2021-003301

119. Bakouny Z, Paciotti M, Schmidt AL, Lipsitz SR, Choueiri TK, Trinh QD.
Cancer screening tests and cancer diagnoses during the COVID-19 pandemic. JAMA
Oncol (2021) 7(3):458-60. doi: 10.1001/jamaoncol.2020.7600

120. Sharpless NE. COVID-19 and cancer. Science (2020) 368(6497):1290. doi:
10.1126/science.abd3377

121. Patt D, Gordan L, Diaz M, Okon T, Grady L, Harmison M, et al. Impact of COVID-
19 on cancer care: How the pandemic is delaying cancer diagnosis and treatment for
American seniors. JCO Clin Cancer Inform (2020) 4:1059-71. doi: 10.1200/CCI.20.00134

122. Gorin SNS, Jimbo M, Heizelman R, Harmes KM, Harper DM. The future of cancer
screening after COVID-19 may be at home. Cancer (2021) 127(4)498-503. doi: 10.1002/cncr33274

123. Dagher H, Malek A, Chaftari A-M, Subbiah IM, Jiang Y, Lamie P, et al. 300.
long COVID in cancer patients: Preponderance of symptoms in majority of patients
over long time period. In: Open forum infectious diseases. Oxford University Press US
(2021) 8(1):8256-7. doi: 10.1093/0fid/ofab466.502

124. Igbal FM, Lam K, Sounderajah V, Elkin S, Ashrafian H, Darzi A.
Understanding the survivorship burden of long COVID. EClinicalMedicine (2021)
33:100767. doi: 10.1016/j.eclinm.2021.100767

frontiersin.org


https://doi.org/10.1056/NEJMoa2021436
https://doi.org/10.1158/2159-8290.CD-20-0941
https://doi.org/10.1001/jama.2022.18590
https://doi.org/10.1080/1744666X.2019.1629904
https://doi.org/10.1016/j.blre.2018.11.002
https://doi.org/10.1016/j.cllc.2020.08.002
https://doi.org/10.1016/j.cllc.2020.08.002
https://doi.org/10.1093/icvts/ivw158
https://doi.org/10.1161/JAHA.114.001152
https://doi.org/10.1161/JAHA.114.001152
https://doi.org/10.1055/s-0040-1714275
https://doi.org/10.1055/s-0040-1714275
https://doi.org/10.1016/S2352-3026(21)00105-8
https://app.magicapp.org/#/guideline/L4Qb5n/section/jb4Oln
https://app.magicapp.org/#/guideline/L4Qb5n/section/jb4Oln
https://www.nytimes.com/interactive/2021/world/covid-vaccinations-tracker.html
https://www.nytimes.com/interactive/2021/world/covid-vaccinations-tracker.html
https://www.asco.org/practice-policy/policy-issues-statements/asco-in-action/covid-19-guidance-practices-translated-seven
https://www.asco.org/practice-policy/policy-issues-statements/asco-in-action/covid-19-guidance-practices-translated-seven
https://www.esmo.org/guidelines/cancer-patient-management-during-the-covid-19-pandemic
https://www.esmo.org/guidelines/cancer-patient-management-during-the-covid-19-pandemic
https://doi.org/10.1016/j.ccell.2020.04.003
https://clinicaltrials.gov/ct2/show/NCT04387656
https://clinicaltrials.gov/ct2/show/NCT04387656
https://doi.org/10.1001/jamanetworkopen.2021.48581
https://doi.org/10.1001/jamanetworkopen.2021.48581
https://doi.org/10.1136/bmjspcare-2021-003301
https://doi.org/10.1001/jamaoncol.2020.7600
https://doi.org/10.1126/science.abd3377
https://doi.org/10.1200/CCI.20.00134
https://doi.org/10.1002/cncr.33274
https://doi.org/10.1093/ofid/ofab466.502
https://doi.org/10.1016/j.eclinm.2021.100767
https://doi.org/10.3389/fonc.2023.1107384
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Cancer, more than a “COVID-19 co-morbidity”
	Highlights
	1 Introduction
	2 Data source
	3 Key risk factors for severe COVID-19 infection in cancer patients
	3.1 Cancer as a risk factor
	3.2 Age and race
	3.3 Cancer status
	3.4 Type of malignancy
	3.5 Type of cancer therapy
	3.6 Comorbidities
	3.7 Smoking
	3.8 Risk assessment

	4 Prevention
	4.1 Barrier and isolation strategies
	4.2 Masking and personal protection equipment
	4.3 Vaccination
	4.4 Systemic therapy

	5 Treatment
	5.1 Outpatient management
	5.2 Inpatient management
	5.3 Anticoagulation

	6 Discussion
	7 Conclusion
	Author contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


