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Coronavirus disease 2019 (COVID-19), like cancer, is a complex disease with clinical phases of progression.
Initially conceptualized as a respiratory disease, COVID-19 is increasingly recognized as a multi-organ and
heterogeneous illness. Disease staging is a method for measuring the progression and severity of an illness
using objective clinical and molecular criteria. Integral to cancer staging is ‘‘metastasis,’’ defined as the
spread of a disease-producing agent, including neoplastic cells and pathogens such as certain viruses,
from the primary site to distinct anatomic locations. Staging provides valuable frameworks and benchmarks
for clinical decision-making in patient management, improved prognostication, and evidence-based treat-
ment selection.
Coronavirus disease 2019 (COVID-19), like

cancer, is a complex disease with a natural

history that manifests specific clinical

phasesof progression. Initially conceptual-

ized as a primarily respiratory viral disease

posing additional risk to elderly patients

with co-morbidities, COVID-19 is now

recognized as a more complex, multi-

organ and heterogeneous illness than

initially anticipated. Patients with COVID-

19 display a diverse array of symptoms

and complications, including a hyper-in-

flammatory state, endothelial dysfunction

and thromboembolic disease, neuropsy-

chiatric symptoms, and a clinical course

that may be complicated by abrupt, unex-

pected deterioration during apparent

recovery.

Disease staging is a method for

measuring the progression and severity of

an illness using objective clinical and mo-

lecular criteria. Through such a process,

staging defines discrete points in the

course of a particular disease that are clin-

ically detectable and reflect present risk,

potential long-term effects, and likelihood

of death.Staging systemsprovide valuable

frameworks and benchmarks for clinical

decision-making in patient management,
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improved prognostication, and evidence-

based treatment selection. Cancer has

become the paradigm of disease staging,

using alphanumeric codes (‘‘TNM’’ for tu-

mor, lymph nodes, and metastasis; ‘‘0–4’’

for absence [‘‘0’’] or presence and severity

of the code [‘‘1–4’’]), and obtaining global

acceptance for classifying the extent of

any given malignancy. Integral to cancer

staging is also metastasis, defined as the

spread of a disease-producing agent,

including transformed neoplastic cells

andpathogens, from the original or primary

site to a distinct anatomic location in the

body. Althoughpredominantly adjudicated

for neoplastic progression, this biological

phenomenon is also observed and recog-

nized in other disease processes, such as

certain viral illnesses, and should be

applied when justified by clinical and mo-

lecular criteria. Increasing evidence indi-

cates that vascular endothelial cells in

manyorgans, including the central nervous

system, heart, and lung, express ACE-2

and other severe acute respiratory syn-

drome coronavirus 2 (SARS-CoV-2)

entry receptors and are a likely target of

infection beyond the nasopharynx and

lung, contributing to dissemination of the
0 Elsevier Inc.
virus throughout the body (Libby and

L€uscher, 2020). Furthermore, multiple

studies report detectable blood viremia in

severely ill patients (Prebensen et al.,

2020), suggesting that viral shedding may

occur intra-vascularly. These data warrant

the consideration of COVID-19 as a meta-

static disease, with local extension and he-

matogenous spread of SARS-CoV-2 from

the primary point of entry in the upper res-

piratory track to neighboring and distant

anatomic locations.

Here, we postulate an integrative clini-

copathologic staging of COVID-19 that

synthesizes the underlying mechanisms,

clinical progression, and severity of dis-

ease. Our proposed staging is character-

ized by four phases, detailed in Figure 1,

acknowledging that the model is not

necessarily linear and that some patients

may present at an advanced stage.

COVID-19 Stage 1: Viral Entry and
Replication (Asymptomatic)
Asymptomatic disease has been well-

described since the earliest days of the

SARS-CoV-2 pandemic. Children and

younger adults are more likely to be in

this group, though asymptomatic nucleic
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Figure 1. COVID-19 Staging
Visual summary of COVID-19 stages, with their associated pathophysiology, and suggested testing and therapeutic interventions. Illustration by Jill Gregory,
used with permission of ªMount Sinai Health System. *, approximate distribution of primary staging of disease among symptomatic patients.
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acid amplification test (NAAT)-positive

cases have been seen in all age and risk

groups to varying degrees. Estimates of

asymptomatic disease in environments

where widespread population sample

testing has been done have ranged from

10% to 60%, with 40% being the newest

estimate reported by the Centers for

Disease Control and Prevention (CDC)

(https://www.cdc.gov/coronavirus/2019-

ncov/hcp/planning-scenarios.html). A

subset of asymptomatic carriers may

become symptomatic over subsequent

days. There have been varying reports of

infectivity of asymptomatic carriers, but

data increasingly indicate that asymptom-

atic carriers can transmit SARS-CoV-2

(Gandhi et al., 2020), highlighting the

importance of frequent testing in people

with exposures or high-risk work environ-

ments. Critical processes for detecting

stage 1 COVID-19 include qualitative and

quantitative testing, isolation, infection

prevention, and monitoring for develop-

ment of symptoms (Wajnberg et al.,

2020). A high viral load, as measured by

means of real-time quantitative polymer-

ase chain reaction (RT-PCR), is a signifi-

cant and independent biomarker associ-

ated with COVID-19 progression and

death in patients without or with cancer

(Pujadas et al., 2020; Westblade et al.,

2020). Transforming qualitative into quan-

titative testing could assist clinicians in
risk-stratifying patients and choosing

among available patient management

strategies. Widespread adoption of viral

load measurements could be facilitated

by rapid tests under development, such

as quantitative loop-mediated isothermal

amplification (qLAMP), enabling viral load

assessment within an hour. Treatment is

not recommended for this group, though

individuals may be eligible for temporal

surveillance studies and/or clinical trials

focused on prevention of symptoms,

reduction of infectivity, and disease

progression.

COVID-19 Stage 2: Viral
Dissemination (Mild or Moderate)
There have been multiple reports of vari-

able presentations among this group,

the consensus being that patients present

one or more of the following symptoms:

fever or chills, cough, shortness of breath,

fatigue, muscle or body aches, headache,

new loss of taste or smell, sore throat,

congestion or runny nose, nausea or vom-

iting, and diarrhea. Stage 2 requires

testing and confirmation of disease, isola-

tion, and infection prevention precau-

tions, as most people are likely highly in-

fectious during their acute period of

symptoms. Predictors of poor prognosis

include male gender, increased age,

high viral load, and presence of comor-

bidities, including hypertension, diabetes
mellitus, and coronary artery disease.

Laboratory data potentially helpful in pre-

dicting progress to more severe disease

(see stages 3 and 4, below) include in-

flammatory markers, such as procalcito-

nin and C-reactive protein, and raised

levels of byproducts of the coagulation

cascade, including D-dimers and tissue

factor. Recommended clinical monitoring

includes intermittent pulse oximetry and

vigilance for other symptoms or signs of

progression toward complications, such

as cardiac, neurologic, and hypercoagu-

lable indicators. This is the stage that cor-

relates with active viral replication and

with treatment protocols including anti-

viral drugs and steroids. Convalescent

plasma, hyperimmune serum, clonal anti-

body therapies, and anti-thrombotics

could be relevant in this phase of disease

(Liu et al., 2020).

COVID-19 Stage 3: Multi-system
Inflammation (Severe)
A subset of patients with COVID-19 prog-

ress to or present with a severe phase of

the disease, requiring hospitalization. In

this stage, often about 1–2 weeks after

symptomonset, patients experiencewors-

ening dyspnea and hypoxia, along with

subclinical elevations in indicators of organ

damage (e.g., cardiac, kidney, and liver).

Derangements of coagulation biomarkers

can also be present (e.g., elevated
Cancer Cell 38, November 9, 2020 595
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D-dimer) and may represent sub-clinical

progression toward stage 4. Neutrophils

and macrophages have emerged as key

players in COVID-19 disease progression.

Neutrophil extracellular traps (NETs) con-

taining complement, tissue factor, and ox-

idants have been reported as a mecha-

nism connecting the hyper-inflammatory

and hyper-coagulable states (Jose and

Manuel, 2020). Studies have revealed

extensive hemophagocytosis, consistent

with a hyper-inflammatory state on a

similar spectrum as macrophage acti-

vating syndrome (MAS), hemophagocytic

lymphohistiocytosis (HLH), multisystem in-

flammatory syndrome in children (MIS-C),

and canonical Kawasaki’s disease (Cola-

francesco et al., 2020). Thesemechanisms

point to additional potential biomarkers,

such as elevated interleukins (mainly IL-6)

(Del Valle et al., 2020), calprotectin, ferritin,

and soluble CD163 (Leppkes et al., 2020).

Depending on the time between onset of

disease and entering stage 3, patients

may have reduced benefit from antibody-

based treatments, and instead therapy

should focus on providing oxygen support,

anti-inflammatory and immunomodulatory

therapies, anti-thrombotics, and clinical tri-

als, including experimental therapies such

as mesenchymal stem cells (Golchin

et al., 2020). Following the guiding principle

frompersonalized cancer care ofmatching

treatments to the right stage, prognostic

group, andmolecular subtype for each pa-

tient can help avoid side effects of treat-

ments that are unlikely to help a particular

patient and boost the power of clinical tri-

als by conducting them in a more well-

defined population.

COVID-19 Stage 4: Endothelial
Damage, Thrombosis, and Multi-
organ Dysfunction (Critical)
A minority of patients with COVID-19 will

reach stage 4 disease, associated with

higher risk of mortality. This stage is char-

acterized by diffuse endothelial injury

(characterized by elevated levels of von

Willebrand factor and endothelialitis) and

a severely hyperinflammatory and hyper-

coagulable state. These processes lead

to dysregulated thrombo-inflammatory

pathways, resulting in microthrombi for-

mation and systemic microvascular

dysfunction (Nadkarni et al., 2020). Clin-

ical phenomena include severe hypox-

emic respiratory failure associated with

multi-organ failure, including myocardial
596 Cancer Cell 38, November 9, 2020
injury as evidenced by troponemia, with

cardiac structural abnormalities and ar-

rhythmias, severe acute kidney injury

requiring renal replacement therapy,

acute neurological disease, venous and

arterial thromboembolic events, and se-

vere metabolic derangements, such as

persistent hyperglycemia and ketosis.

Post-mortem evaluations have revealed

extensive presence of pulmonary embo-

lisms and microthrombi across a variety

of organs, including but not limited to

lung, heart, and brain (Bryce et al.,

2020).We have observed that some stage

4 patients have high levels of antibodies to

SARS-CoV-2 virus without evidence of

active viral infection (Wajnberg et al.,

2020), suggesting that in this stage the un-

derlying pathophysiology is primarily

driven by the inflammatory response and

coagulopathy rather than direct viral

injury. End-organ damage can be very

rapid and challenging to treat, but studies

so far have shown some improvement

with anti-thrombotics and anti-inflamma-

tory protocols (Mehta et al., 2020). As is

the case with cancer patients, those with

late-stage disease often have very limited

options and are refractory to most avail-

able treatments. Therefore, clinical trials

should be considered for these patients.

In conclusion, what has been learned

about COVID-19 highlights the complexity

of thismulti-systemdiseasewith a hyperin-

flammatory phenotype and endothelial

damage. A staging system that integrates

diagnostic testing, clinical data, and inter-

ventions with pathophysiologic mecha-

nismswill assist in guiding clinicalmanage-

mentandprovidemechanistic insights, just

as the TNM system first devised by Denoix

in the 1940s has provided an invaluable

framework for the conceptualization of

cancer and evolution of its treatment.

Important areas deserving further study

include chronic symptoms in COVID-19

survivors, such as cardiac and renal dis-

ease,pulmonary fibrosis, reducedexercise

tolerance, and overall functional impair-

ment. More longitudinal data are required

to determine the full extent of chronic injury

and better define the needs of the COVID-

19 survivor population. It will also be of in-

terest to better characterize viral load dy-

namics and tropism for distinct organs as

disease progresses, the exact routes and

mechanisms of dissemination of the virus,

associated antibody titers, and the chal-

lenging balance between the need to con-
trol the virus and the importance of miti-

gating associated inflammatory damage.

Continued clinical trials, prospective and

retrospective data analysis, and histopath-

ologicandmolecular studieswill further our

understanding of this complex disease.
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