S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



Received: 14 January 2021 Accepted: 2 March 2021

DOI: 10.1111/jth.15294

FORUM

Similarities and perspectives on the two C’s—Cancer and

COVID-19

Jecko Thachil' | Alok Khorana®? | Marc Carrier®*

1Depar’cment of Haematology, Manchester

University Hospitals, Manchester, UK Abstract

ZDepartment of Hematology and Medical
Oncology, Taussig Cancer Institute and
Case Comprehensive Cancer Center,
Cleveland, Ohio, USA

3Cleveland Clinic, Cleveland, Ohio, USA

“Department of Medicine, University of
Ottawa, The Ottawa Hospital Research
Institute, Ottawa, Ontario, Canada

Correspondence

Jecko Thachil, Department of
Haematology, Manchester Royal Infirmary,
Oxford road, M13 9WL Manchester, UK.
Email: jecko.thachil@mft.nhs.uk

KEYWORDS

1 | INTRODUCTION

The year 2020 was different from any other in the last 100 years
with the impact the COVID-19 pandemic had on the global pop-
ulation. This viral infection has caused enough morbidity and
mortality in such a short period as malignancies have done to the
human population over many decades. When we look forward
to a post--COVID-19 era with “respair” (a fourteenth-century
word meaning “the return of hope after a period of despair”), it
would be worthwhile looking at these two C's—COVID-19 and
cancer—to see if there may be any common factors and whether
we can learn from the latest scourge to inform us of the age-old
menace. Some of the similarities between these two conditions
are the very high D-dimers, markedly elevated thrombotic risk
including multi-system thrombosis, and inadequacy of antico-
agulation in certain cases.!® We provide some perspectives on
these laboratory abnormalities and clinical features to assist fu-

ture basic science research and clinical trials.
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COVID-19 continues to dominate the health-care burden in the twenty-first century.
While health-care professionals around the world try their best to minimize the mor-
tality from this pandemic, we also continue to battle the high mortality from different
types of cancer. For the hemostasis and thrombosis specialist, these two conditions
present some unusual similarities including the high rate of thrombosis and marked
elevation of D-dimers. In this forum article, we discuss these similarities and provide

some considerations for future research and therapeutic trials.

anticoagulation, cancer, COVID-19, D-dimer, embolism, thrombosis

2 | VERY HIGH D-DIMERS

D-dimers are created during the process of fibrinolysis when cova-
lently bound D-domains of adjacent fibrin monomers are created by
plasmin degradation of cross-linked fibrin.! D-dimers were devel-
oped as a laboratory marker for the exclusion of venous thrombosis
and indeed have a very good predictive potential in this clinical end-
point.* Despite its admirable role as a negative predictive marker,
unfortunately, it is often used as a positive diagnostic marker for
thrombosis in patients including those with COVID-19.>° Markedly
elevated D-dimers were noted early on in patients with COVID-19.
Different authors correlated very high D-dimers with mortality and
suggested particular cut-off levels as a prognostic indicator.™ For
example, a cut-off value of 2.0 pg/ml was shown to have a sensitivity
of 92.3% and a specificity of 83.3% in predicting hospital mortality.*°
A pooled analysis of the literature at the time of publication also
identified D-dimer to be associated with the severity of COVID-19
(weighted mean difference: 2.97 mg/L; 95% confidence interval [Cl]
2.47-3.46 mg/L between COVID-19 patients with or without se-
vere disease).!! However, one of the misunderstood aspects of this
laboratory marker is to consider all the D-dimers in COVID-19 result
from intravascular clot breakdown and thus behave as a marker of

thrombosis.*?
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2.1 | D-dimer inlung inflammation (COVID-19)

D-dimer is generated by the breakdown of cross-linked fibrin that
can happen inside the blood vessels but also in the extravascular
space®!3 (see Figure 1). In patients affected by severe COVID-19, a
considerable amount of D-dimers may be generated in the extravas-
cular space; specifically in the alveolar space.*?!* In patients who
develop acute lung injury with infectious or inflammatory conditions
including COVID-19, one of the characteristic features is the leakage
of plasma proteins into the alveolar space (sometimes termed “wet

.15 These plasma proteins, which may include inflammatory

lung
cytokines, may help in the local defense mechanism against airway-
borne pathogens.’® But in addition to the inflammatory cytokines,
the leaked plasma proteins also include fibrinogen and thrombin.
Just as much as these proteins participate in clot formation in the
vascular space, they also create fibrin in the alveolar space. Fibrin
may serve the purpose of acting as a scaffold for the inflammatory
cytokines to act out their defense function.t” Breakdown of this fi-
brin, which is necessary to main adequate gas exchange (the lungs
have a vigorous fibrinolytic system), also creates D-dimer, which is
reabsorbed into the vasculature and can be detected in blood sam-
ples. But the key difference here is that these D-dimers do not sig-
nify intravascular clot formation and thus do not behave as a marker
for thrombosis. On the other hand, the increase in D-dimers would
correlate with worsening acute lung injury, which may clinically
manifest as increasing hypoxia and can thus be a useful prognostic
indicator.*® Postmortem studies of COVID-19 patients have shown
the exudative pattern (in keeping with the wet lung description) in
all cases with hyaline membranes composed of serum proteins and
fibrin.Y Polak et al. in their systematic review of the pathological
findings in COVID-19 described a vascular pattern in which diffuse
intra-alveolar fibrin deposition was noted in addition to microvascu-
lar thrombi; and intra-alveolar fibrin balls filling alveoli in conjunc-
tion with organizing pneumonia.20 In a recent study of just over 120
patients with COVID-19, D-dimer values at peak were shown to be

Extravascular
fibrinolysis in
alveolar space

an independent predictor of critical lung injuries irrespective of the
inflammatory markers assessed by C reactive protein. D-dimer was
also associated with increased in-hospital death or need for critical

care support even in the absence of thrombotic events.?!

2.2 | D-dimerin cancer

The malignant process very much mimics an inflammatory reaction
with chronic inflammation suggested to be a risk factor for some types
of cancers (see Figure 1).22 The inflammatory part of the tumors is the
stromal component, which functions as the tumor nourisher with its
rich supply of blood vessels.?® In addition to new blood vessels, the
other constituents of the stroma include connective tissue (which
makes the tumor palpable), and a fibrin-gel matrix, which determines
the stromal size.?* Initial skeptics considered the presence of fibrin in
tumor tissue as an epiphenomenon of ischemic necrosis or representa-
tive of the clot formed during removal of the tumor.?® But, the identi-
fication of a process similar to that of vascular leakage in inflammatory
processes (as described above in the lungs) has given proof to the con-
cept of fibrin being a significant part of the stroma.?® Increased vas-
cular permeability allows extravasation of fibrinogen, which is acted
on by the cancer procoagulants to create cross-linked fibrin.2® The
cross-linked fibrin in the stroma is degraded rapidly by the extensive
fibrinolysis instigated by tumor-secreted plasminogen activators.?’
The key difference between inflammatory and tumor fibrin deposition
is that the latter is an ongoing process due to the continued release
of vascular permeability factor by the tumors.?® The tumor-associated
fibrin in high concentrations can prevent inflammatory cells reaching
the tumor (detrimental to the host), although in low concentrations
would have facilitated inflammatory function (beneficial to the host).3
These observations would suggest that aggressive tumors and those
who may be “resistant” to anti-cancer therapy may be associated with
increased extravascular fibrin and subsequent fibrinolysis and hence
raised D-dimers (see Table 1).
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FIGURE 1 D-dimer production in acute lung injury and malignancies. Fibrinolysis in both these cases occurs in the extravascular spaces
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TABLE 1 Comparison between COVID-19 and malignancy in relation to D-dimers, thrombus formation, and anticoagulation failure

COoVID-19 Malignancy
Mechanism of e Thrombi breakdown e Thrombi breakdown
generation of e Intra-alveolar fibrinolysis (driven by virus induced e Extravascular fibrinolysis in the malignant stroma (driven
D-dimers thrombo-inflammation) by the malignant process)
Site of initial thrombus e Pulmonary vasculature e Likely adjacent to the malignant focus in solid cancers
formation
Localized vs. systemic e Starts as pulmonary thrombi e Differentiation not easy
thrombi e Severe cases, thrombi in multiple circulatory beds e May be as DVT, PE, unusual-site venous thrombi or arterial
thrombi
Triggers for thrombi e Thrombo-inflammation e Cancer procoagulant
e Endothelialitis e Vascular damage by tumor and its treatment
e Stasis from immobility e Immunothrombosis with immune check-point drugs
e Stasis from compression or immobility
Reasons for e Multiple mechanisms (e.g., inflammation, platelet e Multiple mechanisms (e.g., cancer progression, platelet

anticoagulant failure
activation, and others)

Abbreviations: DVT, deep vein thrombosis; PE, pulmonary embolism.

2.3 | Perspectives

e Because D-dimer can signify continuing inflammation, increasing D-
dimers can be considered a prognostic factor in inflammatory condi-
tions (in combination with other markers such as C-reactive protein).

e Serial monitoring of D-dimers may assist in predicting the devel-
opment of acute respiratory distress syndrome in critically ill pa-
tients with underlying inflammation.

e Similarly increasing D-dimers may be considered a tumor marker
indicating progression and/or metastasis in solid cancers.

e |t would be interesting to see whether decrease in D-dimer values
with anti-inflammatory therapies mirror clinical improvement.

e |n the same manner, it would be useful to examine whether de-
crease in D-dimer is one of the markers of clinical efficacy of anti-

cancer therapies.

3 | MARKEDLY ELEVATED RISK OF
THROMBOSIS

One of the well-known clinical complications of COVID-19 is the mark-
edly increased risk of thrombosis. This is similar to what has been ob-
served in patients with malignancies with cancer-associated thrombosis
now considered a speciality in itself. Some of the unusual thrombotic
manifestations of the two C's are the development of pulmonary
thrombosis in the absence of lower limb deep vein thrombosis and the

simultaneous development of clots in various circulatory beds (Table 1).

3.1 | Pulmonary thrombosis in the two C’s

Thrombus embolization to the lung vasculature is the most common
cause of death in patients who develop deep vein thrombosis (DVT).
Because more than half of the patients with a pulmonary embolism (PE)
have an accompanying clot in the lower limb veins, there is widespread

hyperactivity, complement and contact system

activation, immune activation, and others)

assumption that screening for lower limb DVT can be a surrogate
marker for PE.?? However, clots can develop in the pulmonary vessels in
the absence of DVT and can be often seen in patients with an underly-
ing malignancy. In a study by Schwartz et al. aiming to identify patients
with PE without DVT, those with no identifiable source (no evidence of
upper or lower limb DVT) had a statistically significant increased preva-
lence of malignancy (67% vs. 40%, P = .046).%° Although the absence
of DVT itself does not necessarily mean that the thrombus was formed
in the lungs (the thrombus might have already embolized from a distal
DVT or emboli might have arisen from a central venous catheter), active
search for a lower limb thrombus with ultrasound Doppler screening to
identify patients at high risk for thrombosis may not always be reward-
ing. Similarly, in COVID-19, the thrombo-inflammatory process that
commences in the lungs would cause pulmonary thrombi at least in the
initial stages and surveillance Doppler imaging for DVT may not serve
as surrogate for pulmonary thrombi.®! A recent meta-analysis identi-
fied that a high proportion of thrombotic events in COVID-19 patients
are likely to be secondary to pulmonary artery occlusion by thrombi,
rather than emboli from peripheral vein thrombi.3? In both COVID-19
and malignancies, there is marked activation of coagulation, which in-
creases thrombotic risk anywhere in the circulatory system and not
exclusively in the lower limb veins. The key trigger for thrombosis here
is the aggressiveness of the underlying malignancy or the degree of
inflammation in COVID-19. Not surprisingly, depending on the severity
of the underlying disease, DVT can develop in either of these cases, if
the patient becomes less mobile (in a critical care setting) and has local
vessel damage from lines or surgical interventions or indeed as part of

extensive coagulation activation.>%®

3.2 | Pulmonary emboli or pulmonary filling
defects?

Incidental pulmonary emboli (IPE) is a recently defined term with the
increasing use of highly sophisticated computed tomography (CT)
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scans. These incidental pulmonary “thrombi” are often detected in
patients with cancer and critically ill patients.3* But radiological ex-
amination cannot conclusively determine whether these constitute a
bland embolus, or they may be tumor thrombi. Anatomical distribu-
tion of the human circulatory system has positioned lungs as a very
effective filter by having all the systemic venous blood tracking to
the pulmonary circulation prior to being oxygenated. It can play one
of the crucial non-respiratory roles by filtering out thrombus ma-
terial, fibrin clumps, and possibly other exogenous materials from
the venous circulation.®® The tendency for cancers to disseminate
means that cancer particulate matter may escape into the venous
circulation and may get lodged in the narrow-lumen pulmonary mi-
crocirculation.®® These tumor emboli are not thrombotic in nature
and thus reporting them as thrombo-emboli may not be correct. CT
reports should ideally term them pulmonary filling defects rather
than PE. This distinction between tumor and non-tumor emboli is
clinically important because while the thrombo-embolic process is
best managed by anticoagulation, tumor emboli will not be treated
with blood thinners.®” Because platelets play a major role in tumor
metastasis, tumor--platelet hetero-aggregates formed can circulate
and lodge in pulmonary vasculature and can mimic tumor thrombi.*8
In the COVID-19 setting, pulmonary thrombi can start as micro-
thrombi secondary to thrombo-inflammation.®’ These filling defects
caused by microthrombi may not be adequately treated by antico-
agulant drugs explaining failure of these drugs in those with severe
COVID-19.873%40 Another clinical pointer in patients with “isolated”
PEs is their tendency to develop arterial and venous thrombosis.
Data from the START2-Register for a venous thrombo-embolic event
demonstrated patients with isolated PE to be older and female, with
heart failure and cancer being significant associations.** A high prev-
alence of arterial complications was noted in the isolated PE group
(1.01% vs. 0.28%, P = .008) as well.**

3.3 | Multisystem thrombosis in the two C’s

COVID-19 and different types of malignancies are associated with
development of thrombosis in various circulatory beds. One lItalian
study of approximately 400 patients noted a high rate of venous
thrombosis (7.7% of cases) but also a reasonably high number of pa-
tients with arterial thrombosis manifesting as ischemic stroke (2.5%)
or acute coronary syndrome (1.1%), diagnosed within 24 h of admis-
sion.*? Malignancies are also associated with a high number of arterial
clots similarly manifesting as coronary or cerebrovascular ischemia.
An epidemiology study noted 6-month cumulative incidence of arte-
rial thrombo-embolism to be 4.7% in patients with cancer compared
to 2.2% in controls with the statistics for myocardial infarction being
2.0% versus 0.7% and that for ischemic stroke being 3.0% compared
to 1.6% in cancer patients versus controls, respectively.*® The new kids
on the block anticancer therapy, immune checkpoint inhibitors, also
are associated with a substantial risk of venous and arterial thrombo-
embolism (cumulative incidences of venous and arterial thromboses
were 12.9% [95% Cl: 8.2-18.5] and 1.8% [95% Cl: 0.7-3.6]).**

The multisystem thrombosis would once again point to sys-
temic coagulation activation in both the C's with all three con-
stituents of the Virchow’s triad coming into play. In relation to
cancer, endothelial damage is caused by the tumor itself, chemo-
therapeutic agents, surgical interventions, and radiotherapy pro-
cedures, and stasis can occur from compression of vessels and
immobility following surgery and general weakness and hyperco-
agulability from cancer procoagulants.*> In COVID-19, thrombo-
inflammation (hypercoagulability) is currently considered the key
pathogenic factor for the development of thrombosis in addition
to endothelialitis (vascular damage) from direct viral invasion.*¢
In addition, stasis can be caused by immobility from the extreme
fatigue and enforced social isolation in mild cases and the critical
illness state in the severe cases.* The clinical relevance of height-
ened awareness of multisystem thrombosis is that anticoagulant
drugs may be inadequate in preventing arterial clots based on the
adage that venous thrombi are caused by coagulation factors and
arterial clots are caused by platelet thrombi.

3.4 | Perspectives

e Regular ultrasound screening of the lower limbs in critically ill pa-
tients may miss cases of pulmonary thrombosis.

e Pulmonary filling defects may be the appropriate terminology
instead of pulmonary emboli in patients with cancer-associated
thrombosis.

e Future studies with more sophisticated imaging techniques able
to distinguish tumor (and non-thrombotic) emboli from thrombo-
emboli would be welcome to select appropriate patients for
anticoagulation.

e Arterial thrombosis is not rare in patients with systemic activation
of coagulation and preventive strategies may need to include ad-
ditional therapeutic measures to anticoagulants (e.g., antiplatelets
and anti-inflammatory/antineoplastic agents).

4 | FAILURE OF ANTICOAGULATION

Several current trials are exploring the role of intensified antico-
agulation in patients with COVID-19. Although the early publica-
tions from China showed that prophylactic anticoagulation can
translate to reduced mortality in these patients, a plethora of pa-
pers was published soon after that demonstrated that prophylactic
anticoagulation is not enough to prevent thrombosis in COVID-19
settings, especially in those who require critical care support.‘”’49
In the cancer context, failure of thrombo-prophylaxis was observed
in a phase 2 trial of 50 hospitalized cancer patients with high risk
for thrombosis (based on Padua risk score).’® These patients were
randomized to fixed-dose or weight-adjusted low molecular weight
heparin regimens wherein the cumulative incidence of DVT of 22%
was noted in those assigned to fixed-dose enoxaparin (40 mg daily)
compared to one incidentally identified pulmonary embolus in the
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weight-adjusted enoxaparin (1 mg/kg daily) group.>® A similar fail-
ure of anticoagulation is not uncommonly reported in patients with
many cancers, especially when they are aggressive and metastatic
with the pivotal CLOT study reporting up to 6% to 9% of cancer
patients to develop recurrent VTE, despite anticoagulation.51 Carrier
et al. reported on 70 cancer patients who developed recurrent VTE
despite anticoagulation (two-thirds received low molecular weight
heparin and a third on vitamin K antagonists).’?> They used a dose
escalation strategy using 20% to 25% more of the therapeutic anti-
coagulant and achieved considerable success although six patients
(8.6%; 95% Cl 4.0-17.5%) still developed a second recurrent throm-
botic episode during the 3-month follow-up period.>?> Why may an-
ticoagulants fail in these two C’s and can this failure be prevented or
treated? (Table 1).

It is of course important to look at the key reasons for the re-
sistant thrombosis in these cases. Anticoagulant drugs would only
“work” on the hypercoagulability aspect of the Virchow's triad and
possibly the endothelial dysfunction (only the heparins). If the prin-
cipal trigger for thrombosis in COVID-19 is the uncontrolled inflam-
mation driving immuno-thrombosis and in malignancies, the cancer
procoagulant particles, they are unlikely to be “cleared” by the an-
ticoagulant drugs. It may also be said that these two pathophysi-
ological processes are not mitigated by intensified anticoagulation
either despite heparins possibly exhibiting anti-inflammatory prop-
erties and at least theoretically anti-cancer properties.’>>* Thus, in
severe cases of the two C's—COVID-19 patients who require critical
care support and the patients with aggressive or metastatic can-
cer disease, higher doses of heparin may not be the answer while
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combination therapies may be, subject to randomized trials. These
adjuvant therapies could include anti-inflammatory agents; anti-
neoplastic drugs; anti-complement drugs; and in cases of low bleed-

ing risk, antiplatelet agents (see Figure 2).

4.1 | Perspectives

e More research is needed to understand the exact mechanisms of
thrombosis in the two C's, which would help identify therapeutic
strategies.

o Interesting research prospects in this context are whether early
commencement of anticoagulant therapy (heparins) at prophylac-
tic doses may decrease the thrombotic risk in the two C’s due to
their possible anti-inflammatory, endothelial quiescent, and anti-
neoplastic effects.

o Whether direct oral anticoagulants have a heparin-like non-
anticoagulant role would be worth exploring, although the ab-
sence of protection displayed by patients with COVID-19 recently

is disappointing.>®

5 | CONCLUSION

In summary, the two C’s, cancer and COVID-19, share some unique
clinical and laboratory features that open more questions about
the pathophysiological roles of hemostasis and thrombosis in in-

flammatory and neoplastic diseases. D-dimers may prove to be a

Early stages of cancer
Or moderate COVID-19

Aggressive cancer or
severe COVID-19
(with no thrombosis)

Cancer or COVID-associated
thrombosis

Prophylactic anticoagulation
(LMWH or DOAC?)

Additional measures
* anti-inflammatory

Prophylactic or intensified
anticoagulation* +
Early additional measures?

Therapeutic anticoagulation +
Early additional measures?

Caution with therapeutic
anticoagulation due to
bleeding risk

Caution with combination
anti-thrombotics** due to
bleeding risk

* antineoplastic

¢ anti-complement
+ antiplatelet

**Combining antiplatelet with anticoagulant

*pending RCT data, consider either standard-dose or

intensified pharmacological thromboprophylaxis (in selected
patients); optimal dose unknown

FIGURE 2 A suggested algorithm for management of thrombosis in patients with COVID-19 and cancer. The first two sections are for
patients who do not have clinical evidence of thrombosis but have increased risk for thrombosis. DOAC, direct oral anticoagulants; LMWH,

low molecular weight heparin; RCT, randomized controlled trial
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non-thrombotic marker in these conditions both for prognosis and
as a measure of therapeutic success. In the case of radiological im-
aging, distinguishing thrombotic and non-thrombotic filling defects
in the lung vasculature may aid in choosing appropriate therapies
while an open mind in cases of systemic coagulation activation and
their underlying triggers may give us more effective antithrombotic

strategies in cancer and inflammatory conditions.
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