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The SARS-CoV-2 pandemic has posed a significant challenge for risk evaluation and mitigation among can-
cer patients. Susceptibility to and severity of COVID-19 in cancer patients has not been studied in a prospec-
tive and broadly applicablemanner. CAPTURE is a pan-cancer, longitudinal immune profiling study designed
to address this knowledge gap.

ll
Introduction
The global oncology community is faced

with unprecedented challenges in the

management of cancer patients in the

context of the severe acute respiratory

syndrome coronavirus 2 (SARS-CoV-2)

pandemic. In order to safeguard cancer

patients, broad ‘‘self-shielding’’ policies

and deviations from standard of care can-

cer management were implemented early

in the pandemic to reduce the risk of viral

transmission and severe COVID-19

respectively. Further, there was limited

evidence to guide—or feasibility to imple-

ment—harm-minimization strategies that

account for the heterogeneity of the can-

cer population, the spectrum of cancer

states (remission or progressive) and in-

terventions (surgery; chemo-, immuno-,

radio-, targeted, hormonal, and cellular

therapies; and bone marrow transplanta-

tion). These measures inevitably will

have an impact on long-term cancer out-

comes and are not sustainable. As such

measures are eased nationally and glob-

ally (e.g., the recent blanket halting of

self-shielding in the UK), there remains

significant uncertainty regarding the

ongoing risk of infection and severe dis-

ease in cancer patients given the risk of

recurrent outbreaks of SARS-CoV-2 and

uncertain vaccine effectiveness. This ap-

plies to both those who have not yet

been exposed, who are likely to be in the

majority due to self-shielding practices,

and those who have been infected, given

the uncertainty around long-term immu-

nity to SARS-CoV-2 and the possibility
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of re-infection. Therefore, questions on

appropriate management of cancer pa-

tients will persist well into the future.

Another risk is born out of cancer

patients’ regular access to hospital ser-

vices, close interactions with healthcare

workers (HCWs) and increased hospital-

acquired (termed ‘‘nosocomial’’) trans-

mission. Difficulties in decision making

therefore lie in balancing potential noso-

comial and community exposure risks

(e.g., regular travel) with anti-cancer ther-

apy benefits. Data on quantified risks of

SARS-CoV-2 infection and adverse

COVID-19 outcomes associated with reg-

ular clinic attendances and treatment

scheduling for patients is urgently needed

to weigh against treatment benefit.

This includes varied scenarios, such

as commencing immune checkpoint

blockade (CPI) for stage IV melanoma,

with prospects of durable disease control

or even cure, or a 6-month adjuvant

chemotherapy regimen for resected

breast cancer with moderate relapse

risks. As such, an epidemiological and

immunological understanding of the inter-

action between the virus, the host, the

cancer, and its management is needed

across the clinical spectrum. Such under-

standing can then be placed in the

context of the wider healthcare and public

policy, to inform tailored harm-minimiza-

tion strategies of SARS-CoV-2 and maxi-

mize cancer-specific survival.

Additionally, cancer populations are a

crucial group of patients to inform a

broader understanding of the immune
nc.
response to SARS-CoV-2. Inherent per-

turbations on cell subsets (e.g., lymphoid

and myeloid malignancies), or therapy-

induced impact on immune states (e.g.,

immune checkpoint blockade) may pro-

vide opportunities to understand contri-

butions of distinct immune compartments

and key regulators of the anti-SARS-CoV-

2 response. To date, the extent to which

humoral or cellular responses contribute

to effective immune protection, and how

durable that immunity to SARS-CoV-2 is,

remains unknown.

Herein, we aim to provide an overview

of knowledge to date of the clinical fea-

tures of COVID-19 observed in cancer pa-

tients, as well as potential impact of can-

cer and anti-cancer interventions on the

immune response to SARS-CoV-2. We

propose a comprehensive, longitudinal

clinical outcomes and immune profiling

program—the CAPTURE study—de-

signed to rapidly accumulate data that

will contribute to our understanding of

immunopathology and immune protec-

tion in cancer patients, placed in the

context of an evolving pandemic.

Clinical Studies of SARS-CoV-2 in
Cancer Patients to Date
Early reports of SARS-CoV-2 outcomes

in cancer patients have largely come

from piecemeal, retrospective cohorts

of infected patients (Table S1). Conclu-

sions on subgroups were drawn

from small numbers of patients—for

example, increased risk of death on

immunotherapy and chemotherapy was

mailto:samra.turajlic@crick.ac.uk
https://doi.org/10.1016/j.cell.2020.09.005
http://crossmark.crossref.org/dialog/?doi=10.1016/j.cell.2020.09.005&domain=pdf


ll
Commentary
extrapolated from 6 and 17 patients,

respectively (Zhang et al., 2020). Lung

cancer was highlighted as a particular

risk in early studies, but death rates from

acute severe infections varied widely.

Large registry studies have provided a

more granular understanding of clinical

features associated with the risk of

adverse COVID-19 outcomes. The UK

Coronavirus Cancer Monitoring Project

(UKCCMP) (n = 800) demonstrated mor-

tality from COVID-19 was associated

with general risk factors of age, gender,

and comorbidities in patients with active

cancer (Lee et al., 2020). Importantly,

there was no significant impact onmortal-

ity for patients who were treated with

chemo-, immuno-, hormonal, targeted,

and radiotherapy within 4 weeks of

COVID-19 diagnosis. The COVID-19 and

Cancer Consortium (CCC19) (n = 925) re-

ported on cancer patients with mostly

symptomatic COVID-19 disease (Kuderer

et al., 2020). The overall mortality rate was

13%. Interestingly, a leading factor for

elevated mortality risk was progressing

cancer, defined as progressive disease

compared with those in remission (no

measurable disease). Additionally, the

COVID-Surg Collaborative registry re-

ported a 27.6% mortality rate among

COVID-19-positive patients undergoing

cancer surgery compared with non-can-

cer surgery (COVIDSurg Collaborative,

2020). The TERAVOLT study (thoracic

cancers international COVID-19 collabo-

ration registry for thoracic cancers)

focused on COVID-19-positive patients

with thoracic cancers (non-small cell and

small cell lung cancers, mesothelioma,

thymic epithelial tumors, and carcinoid/

neuroendocrine tumors of thoracic origin)

and observed a high death rate of 33% (n

= 200) (Garassino et al., 2020) (Table S1).

A single-center study in New York specif-

ically on patients with lung cancer re-

ported smoking status as a correlate of

severe COVID-19 (Luo et al., 2020b), and

anti-PD1 treatment did not impact

COVID-19 severity (Luo et al., 2020a).

The association of smoking and poor out-

comes was also reflected in a large pan-

cancer analysis of 423 patients with

symptomatic COVID-19 (Robilotti et al.,

2020). In contrast, treatment with CPI

was a significant risk factor for severe out-

comes of COVID-19 in this study. The var-

ied conclusions drawn to date on CPI
risks further highlight the need to account

for tumor types and other variables when

considering potential impact of anti-can-

cer interventions on COVID-19 outcomes.

Collectively, these studies have begun

to shed light on the epidemiological and

clinical vulnerabilities in cancer patients

who succumb to or endure poor out-

comes of SARS-CoV-2. However, what

has been critically missing in cohort and

registry reports to date are data on (1)

the true prevalence of SARS-CoV-2 infec-

tion in the cancer population, given popu-

lation screening has not been widely im-

plemented, and (2) the experience of

those who remain well (uninfected,

asymptomatic, or subclinically affected),

to determine the drivers of mortality and

the absolute risks of severe adverse

events within the cancer community as a

whole. True clinical status (infected, nega-

tive, convalescent) for the great majority

of cancer patients has not been estab-

lished, and hence, true population preva-

lence is unknown. Tracking of consecu-

tive patients is also needed, to provide

insights beyond a snapshot, as infection

status for some will change over time. Ad-

dressing these knowledge gaps requires

a comprehensive, longitudinal study, de-

signed to contemporaneously capture

data of both infected (encompassing all

phenotypes) and non-infected patients

and followed over time, to reflect the

experience of all patients with cancer

(the ‘‘denominator’’). Further, assessment

of immune response features in response

to SARS-CoV-2 in both these patient

groups can inform potential mechanisms

that may underpin the observed COVID-

19 clinical outcomes and correlations to

specific features.

Immune Response to SARS-CoV-2
in the Context of Cancer
There are multiple, varied mechanisms

by which cancer, anti-cancer therapies,

and other immune-modulating agents

commonly used in cancer patients (e.g.,

steroids) modulate host immunity (Figures

1A and 1B). The extent to which this im-

pacts anti-SARS-CoV-2 immune re-

sponses (innate or adaptive) and the clin-

ical course of COVID-19 in cancer

patients warrant dedicated evaluation.

Montopoli and colleagues have observed

that prostate cancer patients receiving

androgen deprivation therapy (ADT) may
be protected against SARS-CoV-2 infec-

tions (Montopoli et al., 2020). Indeed,

ADT used in prostate cancer downregu-

lates TMPRSS2, the serine protease for

S protein priming for cell entry by SARS-

CoV-2. This is of particular importance,

given this population generally associates

with high-risk demographic features (i.e.,

male, advanced age) for adverse events

with COVID-19.

Preclinical studies suggest low-dose

radiation can induce polarization of mac-

rophages toward the M-2 anti-inflamma-

tory phenotype and reduce IL-1 and

TNF-alpha target cells producing IL-6

(Lara et al., 2020). As such, thoracic radi-

ation therapy may potentially attenuate

pulmonary hyperinflammation character-

istic of severe SARS-CoV-2 infections,

where there is increase of inflamma-

tory monocyte-derived macrophages,

accompanied by elevated levels of CCL2

and CCL7, both critical for monocyte

recruitment. Peripheral antiviral response

to SARS-CoV-2 in cancer patients may

be compromised due to their malignancy

or as a result of anti-cancer treatments.

Hematological malignancies can have

specific defects in lymphoid (B and

T cells) and myeloid lineages. Patients

with advanced, solid malignancies are

characterized by persistent systemic hy-

perinflammation with elevated cytokines

by virtual of uncontrolled disease, and

cytotoxic chemotherapy and surgery are

associated with lymphopenia and general

immunosuppressive states. In COVID-19,

lymphopenia, elevated levels of circu-

lating cyto/chemokines, and inflamma-

tory markers (CRP, D-Dimers) are charac-

teristic peripheral features. In particular,

lymphopenia is a hallmark of COVID-19

especially in severe disease, with reduced

levels of circulating NK cells, CD8+ T cells,

and to a lesser extent, CD4+ cells.

Immunemodulating agents, whether as

adjunct or directed treatments in cancer,

may have distinct implications in COVID-

19. Granulocyte colony-stimulating factor

(G-CSF) is commonly used in patients

receiving myelosuppressive chemo-

therapy regimens to minimize risks of

bacterial infections associated with neu-

tropenia. However, the potential risks of

hyper-neutrophilic states in the context

of SARS-CoV-2 infections are unknown,

especially where respiratory compromise

is mediated via tissue hyperinflammation.
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Figure 1. Schematic Representation of ImmuneChanges in Cancer Patients that Can Impact

Immune Response during a SARS-CoV-2 Infection
(A) Cancer type, stage, and therapy (including surgery, systemic anti-cancer therapy, and other anti-
cancer interventions) can result in varying degrees of immune suppression, which conceivably may lead to
increased clinical susceptibility to SARS-CoV-2 infection and COVID-19 illness.
(B) Examples of the varied mechanisms by which host immunity (innate or humoral/cellular adaptive im-
munity) is altered, with potential influence on the immune response as well as immunopathologic hy-
perinflammation of COVID-19. SACT, systemic anti-cancer therapy; Rx, other anti-cancer treatments
including radio-, hormonal, targeted, and cellular therapy; ADT, androgen deprivation therapy; CAR-T,
chimeric antigen receptor T cell.
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Anti-CD20 antibodies are used in a variety

of hematological malignancies to achieve

B cell depletion, potentially impacting

generation of humoral immunity to

SARS-CoV-2. Glucocorticoids are often

used for cancer patients, as adjunct treat-

ment (i.e., premedication for chemo-

therapy), treatment for oncological emer-

gencies (i.e., spinal cord compression),

or directed toward the malignancy itself

(i.e., for leukemias and lymphomas). Pre-

liminary data from the RECOVERY (ran-
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domized evaluation of COVID-19 therapy)

trial has demonstrated mortality benefits

for administration of dexamethasone in

patients requiring mechanical ventilation

with established hyperinflammation (Uni-

versity of Oxford, 2020). In light of this, a

pertinent question would be whether ste-

roid exposure earlier in the disease course

blunts viral clearance or impairs mounting

of an effective immune response, por-

tending a worse outcome for patients

with cancer. A longitudinal understanding
of the degree to which the immunocom-

promised states of cancer patients

impact infection, viral clearance, clinical

course of COVID-19, and subsequent

generation of long-term immunity is

needed. Additionally, de novo viral muta-

tional changes within the host are a perti-

nent feature of RNA viruses, and evalua-

tion of viral evolution in infected patients

who may not mount an optimal immune

response will be of importance.

The intersection of the PD1/PD-L1 axis

with viral response is of exceptional rele-

vance in the cancer population, given

CPIs are associated with durable re-

sponses or even cure in multiple metasta-

tic tumor types and are used in the adju-

vant setting with curative intent. Is

checkpoint blockade a friend or foe in

the context of COVID-19? CPI reverses

immunosuppressive states by reinvigora-

tion of exhausted T cells for antigen

recognition. Conceivably anti-PD1 ther-

apy could reinvigorate exhausted T cells

during viral infection to suppress viral

dissemination. Conversely, it is the over-

activation of T cells contributing to hyper-

inflammation and tissue damage that

underpins the lung pathology and

morbidity in COVID-19, and in this phase

CPI could potentially be harmful. Addi-

tionally, NK and T cells in COVID-19 pa-

tients show increased activation and

exhaustion markers (PD1 and TIM-3),

and T cell activation and antibody

response with increased titers of neutral-

izing antibodies are closely related (Gri-

foni et al., 2020). Lastly, little is known

about acute viral infections while on anti-

PD1 therapy. Memory T cells, which are

also pivotal in recognition of infection,

may clonally expand intratumorally, but

differentiation from naive to memory

T cells seems to be reduced with anti-

PD1 blockade (Wei et al., 2019). This

may impair the adaptive response to

SARS-CoV-2 infection.

Patients receiving cellular therapeutics

(stem cell transplantation, chimeric

antigen receptor T cells, or tumor-infil-

trating lymphocytes) represent a clinically

distinct patient group that potentially ren-

ders them most vulnerable to SARS-

CoV-2. These patients are faced with

both secondary immunodeficiencies due

to high-dose cytotoxic and immunosup-

pressive regimens and also treatment

complications related to immune
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dysregulation or hyperinflammation

including graft-versus-host disease and

cytokine-release syndromes. Further fac-

tors to consider are superimposed noso-

comial and opportunistic infection risks

from extended hospital admissions, not

limited to COVID-19.

Finally, it is equally important to under-

stand howCOVID-19 impacts anti-cancer

immune response, to consider both detri-

mental and beneficial effects. The

concept of oncolytic virotherapy was

born out of serendipitous observations

between cancer regression and viral in-

fections or immunizations, leading to

treatments such as talimogene laherpar-

epvec (T-VEC) as a genetically modified

herpes simplex virus used for manage-

ment of malignant melanoma today.

The CAPTURE Study
CAPTURE (COVID-19 antiviral response

in a pan-tumor immune monitoring study)

is a prospective, longitudinal study of

cancer patients and HCWs, established

in response to the unique challenges

of the SARS-CoV-2 pandemic for the

care of cancer patients (https://www.

royalmarsden.nhs.uk/capture-covid-19-

antiviral-response-pan-tumour-immune-

study). The overarching aim is to establish

a prospective and unbiased understand-

ing of the susceptibility to and morbidity

of SARS-CoV-2/COVID-19 in cancer pa-

tients and the patterns of nosocomial viral

transmission. Such understanding could

inform clinical decision making and

healthcare policy, especially advice on

self-shielding, safe delivery of cancer

therapy and reduction of transmission.

First, to achieve an accurate picture of

the true incidence and prevalence of

SARS-CoV-2, we screen all patients

longitudinally, irrespective of their clinical

presentation: symptomatic, asymptom-

atic, and convalescent. Second, to facili-

tate a broad understanding of the impact

of cancer and anti-cancer therapies on

the course of SARS-CoV-2, we include

patients from across a range of cancer

types and cancer interventions. Third,

we follow the patients long term to under-

stand the extent and duration of immunity,

the impact of immune-modulating thera-

pies (including antivirals and vaccines),

incidence of re-infection, and long-term

sequelae of SARS-CoV-2, including the

impact on cancer outcomes. Potential
re-infections will be defined as testing

positive for SARS-CoV-2 following conva-

lescence and prior evidence of viral clear-

ance. Through comprehensive blood

sampling, we aim to understand the cor-

relates of immune pathology and protec-

tion and if and how these are impacted

by inherent or iatrogenic immune defects

in cancer patients and the host character-

istics such as HLA haplotype and germ-

line variation (Figure 2). We seek to eluci-

date differences in immune response

among cancer patients, incorporating

comparative analyses between infected

and uninfected patients, and also

compared to non-cancer controls within

the study and with published data in

non-cancer patients. Where measures of

incidence and prevalence will reflect

evolving public health plans, the immuno-

logical findings will be generalizable with

respect to impact of cancer and therapy

on COVID-19 outcomes. Finally, while

we are aiming to detect accurate biolog-

ical signals through detailed profiling, no

single institution will be able to accrue suf-

ficient patient numbers for detailed sub-

group analyses. Therefore, we are ex-

panding to include other centers in the

UK and would welcome other centers

internationally to join this effort.

An important question with regard to

SARS-CoV-2 infections in cancer patients

is the extent to which it is due to nosoco-

mial exposure, either from other patients

or from HCWs, and the extent to which

this affects outcomes. Related recruit-

ment within CAPTURE of HCWs will

achieve an accurate picture of inci-

dence/prevalence as well as long-term

immunity and re-infection in this group.

Critically, through viral lineage studies of

patient and associated HCWs, we aim to

understand nosocomial infection and

place it in the wider context of community

and hospital patterns of transmission.

A key issue in study design in the

context of a rapidly evolving pandemic is

that pertinent research questions and hy-

potheses will emerge over time. An impor-

tant element of the design of CAPTURE,

therefore, has been to collect data and

biological samples that both address im-

mediate questions around safe provision

of cancer care and inform an understand-

ing of antiviral responses in the context of

cancer, and also futureproof for additional

opportunities, analyses, and collabora-
tions. A pertinent example will be for

monitoring of immune responses to future

SARS-CoV-2 vaccines in patients with

cancer within this adaptable, longitudinal

framework.

We commenced recruitment for CAP-

TURE on May 4, 2020, at the Royal Mars-

den NHS Foundation Trust and are ex-

panding recruitment to include other

sites in the UK. 3 months since study

opening, 227 patients and HCWs have

been enrolled, with 536 swab and 448

blood specimens collected longitudinally.

The CAPTURE StudyManagement Group

is composed of a broad team of multidis-

ciplinary clinicians with detailed input

from Patient Representatives Working

Group about the overall approach, and

the merit of research to cancer patients.

The laboratory studies will take place at

the Francis Crick Institute, utilizing a

clinically accredited SARS-CoV-2 diag-

nostic pipeline and leveraging significant

infection and immunity expertise and

Crick’s status as a Worldwide Influenza

Centre with current active COVID-

19 research (https://www.crick.ac.uk/

research/covid-19).

Data Collection

An extensive clinical case report form

(CRF) is used covering 34 categories

including demographic data; data on con-

current medication and co-morbidities;

details of the clinical course and outcome

of SARS-CoV-2 (including need for hospi-

tal admission, respiratory and other organ

support, and full range of laboratory in-

vestigations); and cancer-specific data,

including staging, prognostic information,

previous and current anti-cancer inter-

ventions and outcomes, and to facilitate

analysis of interactions between the sus-

ceptibility to and severity of SARS-CoV-

2 infection and the presence of malig-

nancy and cancer treatments. A quality-

of-life assessment is included, which will

shed light on the ongoing complications

of COVID-19. In order to capture more

nuanced details regarding lifestyle and

environmental factors and household

risks, self-reported data are collected

through a secure online questionnaire.

Given the widespread modification to

cancer care through reduced hospital

visits, frequency of blood test and imag-

ing, and most critically, modification of

standard of care therapies, we also aim

to collect data on the impact of these
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Figure 2. Overview of CAPTURE Study Procedures and Analysis Plans
Patients are recruited into study arms A or B, and follow-up schedules are bespoke to their COVID-19 status and accounts for their clinical visit/treatment re-
quirements; while healthcare workers are recruited and followed-up according to schedule as outlined. Comprehensive demographic, epidemiological, and
clinical data will be collected along with swabs and blood samples. Diagnostic assays will be performed for all participants andwill inform selection of samples for
detailed immune monitoring and next-generation sequencing. Standard operating procedure documents (for local sample collection, processing, and storage)
will be implemented in additional institutions, and sample analyses will be centralized to ensure standardization.
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measures on diagnosis, management,

and outcomes of cancer. Specifically,

our quality-of-life questionnaires and

CRF generally were designed to allow

integrative analyses with other studies,

including local and international efforts

such as the Cancer Research UK

COVID-19 survey, UKCCMP, CCC19,

and the European Society of Medical

Oncology COVID-19 Registry for patients

with cancer (ESMO-CoCARE).

A critical feature of CAPTURE is that it

will continue follow-up as well as recruit-

ment of new patients over the next

24 months on the back of changing risk

of infection in the community and hospital

and ongoing changes in public health pol-

icy. Self-shielding guidance in the UK is
8 Cell 183, October 1, 2020
now lifted across the board in the same

way that it was applied, and yet this is a

very heterogeneous group of patients

with different sets of vulnerabilities and in

whomriskassessmentwill need tobe indi-

vidualized. The current policies also mean

that viral prevalence in cancer patients is

likely to be lower than in the general popu-

lation, and thus a greater number of can-

cer patients will be at risk in the coming

months. An important risk is the reliance

of cancer patients on ongoing access to

healthcare provision and frequent hospital

attendance. For patients undergoing

complex cancer surgery, high-dose

chemotherapy, and adoptive cellular ther-

apy, the length of hospital stay can run into

many weeks, while for others frequent
administration of intravenous drugs may

mandate weekly visits to the hospital.

HCWs caring for cancer patients are a

key group in which we need an under-

standing of the incidence of asymptom-

atic infection, ‘‘silent’’ transmission, and

the risk of re-infection following initial

exposure. Large-scale study of closely

related and co-located HCWs and pa-

tients participating in this study will help

to define transmission patterns across

the hospital, highlighting the opportunities

for interventions and policy change.

Laboratory Analyses

Longitudinal collections of viral swabs

paired with comprehensive blood

sampling (for analyses including multi-

assay serology, cyto/chemokine profiling,
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immunophenotyping on peripheral blood

mononuclear cells, TCR/BCR se-

quencing, and germline analyses) will

give maximal scope for detailed mapping

and monitoring of immune responses to

SARS-CoV-2. The longitudinal collection

of viral swabs in CAPTURE will enable

determination of the duration of infection

in those testing positive. PCR analysis

for additional viruses (including other hu-

man coronaviruses [HCoVs] and non-

corona viruses) in symptomatic patients

testing negative for SARS-CoV-2 coupled

with serological analysis will allow evalua-

tion for cross-reactivity and/or cross-im-

munity with non-SARS-CoV-2 viruses.

Viral genome sequencing and phyloge-

netic analysis in both cancer patients

and HCWs, analyzed against the back-

ground of genetic drift in the virus, will

define the nosocomial transmission pat-

terns, which has been reported to define

transmission clusters even in a single

institution (Rockett et al., 2020).

Early reports posit that cancer patients

have lower seroconversion rates—that

is, decreased ability to generate detect-

able levels of specific anti-SARS-CoV-2

antibodies following viral exposure—

than controls (Solodky et al., 2020). Addi-

tionally, durability of immunity is entirely

unexplored. Extended follow-up and lon-

gitudinal sampling within CAPTURE

afford the opportunity to evaluate both

sufficiency and durability of immune re-

sponses in cancer patients and in the

context of a potential future vaccine. Anti-

body responses will be monitored for

S-binding IgG, IgM, and IgA, which will

also help to investigate the cross-reac-

tivity of antibodies raised in response to

other HCoVs. Results will be supple-

mented by ELISA against viral S1 subunit.

Seroconverted patients will further be

monitored by neutralizing antibody as-

says to obtain a precise measure of the

biological activity of detected antibodies.

We will analyze T cell activation in

SARS-CoV-2-positive and negative pa-

tients and compare those with the re-

sponses in control groups to identify im-

pairments in adaptive immunity related

to the underlying cancer and associated

anti-cancer therapies. This will allow us

to explore T cell activation and antibody

response relationships, which will be sup-

plemented by detailed immunophenotyp-

ing and RNA sequencing of peripheral
blood as well as TCR and BCR

sequencing to draw a detailed picture of

both innate and adaptive immune

response in cancer patients. Germline

profiling, including HLA typing and the

detection of polymorphisms in immune-

related genes, will reveal genetic suscep-

tibilities to severe COVID-19 and will

supplement the detailed analysis of im-

mune response to obtain a comprehen-

sive picture of susceptibility for each

participant.

The detailed analyses of the immune

system in response to SARS-CoV-2 al-

lows scope for biomarker discovery,

with the aim of identifying cancer pa-

tients most vulnerable to infection. While

it is clear that the increase of cyto/che-

mokines is a hallmark of a severe

COVID-19 late in the course of infection,

what is needed are early indicators prior

to clinical progression or infection for

those destined for maladaptive hyperin-

flammation. Prospective monitoring of

cytokine kinetics in the general cancer

population may allow detection of differ-

ences, which will likely be a multi-para-

metric set of indices, that may serve as

baseline predictors for their response to

SARS-CoV-2.

Conclusion
SARS-CoV-2 exposure, infection, and

cancer will continue to coincide in the

foreseeable future, even if not on a

pandemic scale, pending widespread im-

plementation of a successful vaccine or

pharmacotherapy. There is also a need

to learn lessons for future similar pan-

demics. Clinicians and policy makers

alike need to be armed with a funda-

mental understanding of the interaction

between host immunity, the virus, cancer,

and anti-cancer treatments placed in the

wider healthcare context in order to mini-

mize harm and optimize cancer out-

comes. Prospective data on immune re-

sponses derived from large numbers of

patients representative of the entire clin-

ical spectrum, with a relevant denomina-

tor population, are needed. In the same

way that we have evolved to personalized

medicine in the management of cancer,

we must also adopt a bespoke approach

to the management of SARS-CoV-2 in

cancer patients, extending into the post-

pandemic era and grounded in evi-

dence-based practice.
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