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Abstract

A novel coronavirus (SARS-GoV-2) causing coronavirus disease 2019 (COVID-19) is largely associated with various coagulopathies,
which can lead to either bleeding and thrombocytopenia or hypercoagulation and thrombosis. Thrombohemorrhagic complications
also could accompany the development of cancer process. In addition, circulating inflammatory biomarkers such as fibrin, D-dimer,
P-selectin and von Willebrand factor (vWF) typical to both coronavirus infection and malignancy process are of special interest. In
this review, we discuss potential interplay between COVID-19 and cancer related to endothelial dysfunction, platelets, and systemic
inflammatory response syndrome. Most importantly, patients should be treated in early stage of the disease process when elevated
levels of fibrinogen, D-dimer, vVWF, and P-selectin are observed. The level of these markers will rise rapidly upon disease
progression, followed by a cytokine storm, would evidence about a poor prognosis.
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Pe3tome

HoBbiit KopoHaBupyc (SARS-CoV-2), Bbi3biBatoLLMA KOpOHaBMpYCHYO MHeKuuo 2019 (COVID-19), B 3Ha4UTENbHONR CTENeHu
accoLMMpyeTcs ¢ BO3MOXHbIM Pa3BUTUEM KOArynonartuii, KOTopble MOTYT NPUBECTH JIM60 K KPOBOTEYEHUIO 1 TPOMOOLMTONEHNH,
nM60 K runepkoarynsauum 1 Tpom60o3y. TpoM60remMopparuyeckme 0CNOXHEHUS TakXKe MOTyT CONPOBOXAATH W PA3BUTIE OHKONOMN-
yeckoro npouecca. Oco6bIi MHTEPEC NPEeACTaBNAOT LUPKYNMPYIOLLME 6IOMApKepbl BOCNANEHUS, XapaKTepHble U Ang KOPOHaBm-
PYCHOM WHMPEKLMN 1 N Pa3BUTMS 3/10KAa4ECTBEHHOr0 HOBOOOpPA30BaHUs, Takne Kak dubpuH, [O-aumep, P-cenektud n gaktop
thoH Bunnebpanga (VWF). B aaHHOM 0630pe 06Cyxaa0TCcs NoTeHLnanbHble To4ku B3ammopeinctams COVID-19 1 OHKONOrM4eckoro
npoLecca, CBs3aHHble C JUCHYHKUMER SHLOTeNNS, TPOMOOLMTOB, CUHAPOMOM CUCTEMHOrO BOCMANMTESIbHOIrO 0TBETa. Haubornee
B2XXHOW Npo6/emMoii ABAETCA CBOEBPEMEHHAs Tepanus NaLUeHTOB HA PaHHUX CTagusx pPasBUTUS 3a60S1eBaHMs, Korga npucyT-
CTBYIOT MOBbILUEHHbIE YPOBHM (pubpuHoreHa, [-aumepa, VWF n P-cenektiHa. CTpemMUTENbHbIA POCT YPOBHA 3TUX MapKepoB, 3a
KOTOPbIM NOCNeyeT «LUTOKUHOBBIN LUTOPM», OYAET CBUAETENLCTBOBATL O MIOXOM MPOrHO3E.

KnroueBble cnoBa: Hoast KOpoHaBupycHas nHdekuus, GOVID-19, oHKonornyeckne 3aboneBaHns, HapyLLEHNUs remocTasa, CUHAPOM
CWUCTEMHOr0 BOCMANMTENIbHOIO OTBETA

Ina umtuposanus: Makauapus A.LL., dnanamu ., bpexHep b., Bopobbes A.B., Awpadsn J1.A., MacnéHkosa E.B., buuaase B.O.,
Xuspoesa [.X., lkoaa A.C., Cononosa A.l'., TankuH B.H., Tpu XK.-K. OCO6EHHOCTN TEYEHUS HOBOI KOPOHABUPYCHOI NHAEKLM
Y OHKONOru4eckux 60nbHbIX. Akywepctso, [uHekonorna n Penpogykuws. 2021;15(6):726—737. https://doi.org/10.17749/2313-
7347/0b.gyn.rep.2021.249.

Introduction / BBeaeuue

Since the beginning of the pandemic, the epidemio-
logical characteristics of the novel coronavirus infec-
tion COVID-19 have been constantly changing. The total
number of global cases exceeds 260 million people, the
infection was most widespread in the USA, India, Brazil,
Great Britain, Russia, and Turkey [1]. The main source of
infection is a sick person, including those in the disease
incubation period. The incubation period for COVID-19 is
approximately two weeks, with most infected people dis-
playing symptoms five days after exposure. The magni-

tude of the disease ranges from mild to extremely severe.
In about 80 % of cases, the disease is asymptomatic or
has mild symptoms, in 15 % — a severe course and 5 %
—an extremely severe course [2]. Owing to tests and qua-
rantine restrictions, the actual case fatality ratio (CFR)
for COVID-19 is challenging to determine, but it ranges
from1t03 % [1, 2].

Two ways for virus penetration into host cells have
been suggested: the binding on the receptor for angio-
tensin-converting enzyme 2 (AGE2) or to the transmem-
brane glycoprotein CD147. The interaction of COVID-19
with the renin-angiotensin-aldosterone system via ACE2
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What is already known about this subject?

» The International Center for Disease Control and Prevention
has identified high risk factors for severe COVID-19 and
related death, one of which is concomitant cancer, especially
during anticancer treatment.

» The "cytokine storm" characteristic of coronavirus infection is
a life-threatening systemic inflammatory response syndrome
caused by elevated levels of circulating cytokines and
hyperactivated immune cells.

What are the new findings?

» We summarize the data on the specifics of COVID-19
pathogenesis in cancer patients, namely higher levels of
proinflammatory cytokines, including tumor necrosis factor-
alpha (TNF-a), and interleukin-6 (IL-6), as well as biomarkers
such as procalcitonin and C-reactive protein.

» Proinflammatory cytokines, which expression is induced by
COVID-19 and tumor tissue, contribute mainly to
thrombogenesis.

» Taking into account developing systemic inflammatory
response syndrome typical for both cancer and COVID-19
patients, heparin-induced thrombocytopenia represents an
additional risk factor for thrombocytopenia.

How might it impact on clinical practice in the foreseeable
future?

» Suppression of IL-6 production may be a positive therapeutic
effect both in cancer treatment preventing malignant
progression and to attenuate the "cytokine storm"in COVID-19.

» Investigating an association of thrombotic complications in
cancer patients with COVID-19 bearing antiphospholipid
antibodies is promising, and accordingly, coagulopathy should
be evaluated and treated as immune-mediated rather than
classical antiphospholipid syndrome.

is a key factor in the pathological features. ACE2 phy-
siologically counteracts RAAS activation of renin-angio-
tensin-aldosterone system and serves as a receptor for
SARS-CoV-2 [3, 4]. Penetration through ACE2 is carried
out because the viral S-protein in its structure mimics
ACE2, due to which viral particles successfully bind to
ACGE2 receptors, which are expressed by cells of lung
tissue (type 2 alveolocytes), intestines, kidneys, blood
vessels, as well as the oral mucosa cavity (Fig. 1) [3, 4].
The affinity of the SARS-CoV-2 S-protein for the ACE2
receptor is 10-20 times higher than that of SARS-CoV-1,
which accounts for its greater contagiousness. The
mechanism of entry into a cell using the CD147 receptor
is similar to that of for penetration via ACE2 [4].

The International Center for the Fight against COVID-19
(Center for Disease Gontrol and Prevention, CDC) has
identified high-risk factors for severe disease and death
from the disease, such as age over 65, obesity — body
mass index (BMI) > 35, the presence of comorbid con-

OCHOBHbIE MOMEHTbI

Yr10 yXe u3BecTHO 06 3ToM TEME?

» MexayHapoaHbii LleHTp no 6opb6e ¢ COVID-19 onpeaenun
(hakTopbl BbICOKOTO pUCKA TSHKENOr0 TEYEHWUS U CMepTu OT
3260/1€BaHNS, OAHIM U3 KOTOPbIX ABAETCA HANMYNE OHKOMO-
TN4eCKOro 3a60/1eBaHNS, 0COBEHHO BO BPEMS MPOTUBOOMYXO0-
NEBOro NeYeHNs.

» XapakTepHbI 419 KOPOHABUPYCHON WHMEKLMN «LUTOKMUHO-
BbI LUTOPM>» MPeACTaBnseT CO60M YrpoXKaloLWNA KNU3HU
CWHAPOM CUCTEMHOro BocnanutensHoro oteeta (CCBO),
06YCIIOBJIEHHbIN MOBbILIEHHbIM YPOBHEM LMPKYNNUPYHOLLAX
LMTOKMHOB U rUnepakTuBaunen MMYHHbIX KNETOK.

Y70 HOBOFO A€t cTaThA?

» 0606LLeHbI AaHHbIE 06 0c06eHHOCTAX naToreHe3a COVID-19y
OHKONOTMYEcKIX 60MbHbIX, a UMEHHO, 60MEe BbICOKNE YPOBHN
MPOBOCNANUTENbHbIX LMTOKMHOB, B TOM uucne (hakTopa
Hekpo3a onyxonu anba (TNF-o) n nHTepneiikuya-6 (IL-6), a
TaKXe Takue 6UoMapKepbl, Kak NpoKanbLUUTOHUH 1 C-peak-
TWUBHBbIIA 6ENOK.

» [lpoBOCNANNUTENbHbIE  LNTOKMHBI,  3KCMPECCUS  KOTOPbIX
BbIi3BaHa COVID-19 n onyxoneBoi TKaHbt, BHOCST OCHOBHOW
BKNajl B pasBuTiE TPOM603a.

» C y4etom passutus CCBO, xapakTepHOro Kak Ans OHKONOrn-
YecKMX 60JbHbIX, Tak U ans 6onbHbIX COVID-19, mononHu-
TeNbHbIM (DAaKTOPOM puCKa Pas3BUTUS TPOMOOLMTOMEHNN
SIBNSAETCA renapuH-UHAYLMPOBaHHAS TPOMOOLIMTONEHMS.

Kak 3T0 MOXET NOBAMATL HA KITMHUYECKYH NPaKTHKY
B 0603pumom GyayLiem?

» [lofaBneHne BbIpaboTkn IL-6 MOXET SBNATLCA MONOXKUTESb-
HbIM TepaneBTU4eCKUM 3(O(PEKTOM Kak B JIeYeHWN paka,
npeaoTBpaLLas 3M0Ka4eCTBEHHOE MPOrPeccUpoBaHue, Tak U
Ans ocnabneHns «UUToKMHOBOrO Wwropma» npu COVID-19.

» [lepcneKTUBHbIMU  SBASOTCA WUCCNeJ0BaHUsA  accoLuauum
TPOMGOTUYECKMX OCIOXHEHWIA Y OHKONOTMYECKIUX NaLnNeHToB
¢ COVID-19 ¢ Hanuyuem aHTUPOCDONUNNAHBIX AHTUTEN, U
COOTBETCTBEHHO, KOArynonaTuio crefyeT OLeHMBaTb 1 NeYnTb
KaK MMMYHOOMOCPEAOBaHHYH, a He KakK KNacCUYecKuid aHTu-
thocchonunugHbIA CUHAPOM.

Binding of the S protein
to cellular receptor

Cell entry of coronaviruses

Figure 1. The mechanism of COVID-19 virus penetration into the
cell [drawn by authors].

Note: ACE2 - angiotensin-converting enzyme 2.

Pucynok 1. MexaHuam npoHukHoBeHus supyca GOVID-19 B kneTky
[pucyHok aBTOpOB].

lpumeqanmne: ACE2 — aHrnoTeH3nNHNPeBpaLyaroLynii (hepmeHT 2.
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ditions: diabetes mellitus, chronic diseases of the heart,
kidneys or liver [5-9]. This group also included patients
with cancer, especially those receiving anticancer treat-
ment. Cancer patients are most susceptible to infectious
diseases due to systemic immunosuppression caused
by malignant neoplasms and anticancer therapy [10].

Groups of high risk of infection and development of
severe GOVID-19-related complications have been iden-
tified among patients with cancer in the recommen-
dations of the European Society for Medical Oncology
(ESMO) [11]:

— patients receiving or who received chemotherapy
within the last three months;

— patients receiving radiation therapy;

— patients who have undergone bone marrow trans-
plantation in the last six months, as well as those recei-
ving immunosuppressive therapy;

— patients with oncohematological diseases, even if
they are not undergoing treatment.

Thus, these patients may have an increased risk of se-
vere COVID-19 and a correspondingly poorer prognosis.

Coronavirus infection in cancer patients /
KopoHaBupycHasa nHGpeKusa y
OHKOJIOTHYECKHUX OOTbHBIX

According to a study by W. Liang et al., among the
first 1590 cases of coronavirus infection, 18 (1.0 %) pa-
tients suffered from cancer [12]. Lung cancer was the
most common (28.0 %), with four patients underwent
antitumor treatment during the last month, whereas
the remaining patients had previously undergone radi-
cal surgical treatment. Compared to others, cancer pa-
tients were older, smoked more often, had tachypnea,
and more pronounced changes according to CT scan. No
significant differences in gender distribution as well as
in severity of concomitant diseases and baseline chan-
ges were found on radiographs. Cancer patients were
characterized by a higher incidence of severe course
(7 out of 18 patients) requiring stay in the intensive
care unit, mechanical ventilation, or resulting in death
(124 out of 1572 patients; p = 0.0003 ) [12]. In addition,
chemotherapy or surgery in the last month (in 3 out of
4 patients) was associated with a higher risk of compli-
cations compared to those who received no chemothe-
rapy or surgery (6 out of 14 patients). When conducting
regression analysis and excluding other risk factors: age
of patients, smoking intensity, presence of concomitant
diseases, such risks were confirmed (risk ratio (RR) =
5.34; p = 0.0026). In cancer patients, only old age was
an additional risk factor for severe events (RR = 1.43;
p =0.072). Lung cancer patients had no higher likelihood
of severe events compared with other cancer patients
(1 out of 5 lung cancer patients versus 8 out of 13 pa-
tients with other malignant neoplasms; p = 0.294). Re-

gression analysis also revealed that cancer patients are
characterized by a more rapid development of severe
events than other patients: the mean time to severe events
was 13 days vs. 43 days (RR = 3.56; p < 0.0001) [12].

While comparing the biochemical parameters of
COVID-19 in patients with/without cancer, higher levels
of pro-inflammatory cytokines, including tumor necro-
sis factor-alpha (TNF-a) and interleukin-6 (IL-6), were
found. Infection-related biomarkers procalcitonin and
C-reactive protein were also higher in patients with ma-
lignant neoplasms [13]. In addition, patients with can-
cer had more cases of multiple organ damage compared
to other patients. Cancer patients had higher neutrophil
count as well as transaminase and lactate levels, where-
as eosinophils, albumin, globulin, and total protein were
reduced. In addition, parameters associated with coa-
gulation, such as decreased platelet count as well as
prolonged prothrombin time (PT) and activated partial
thromboplastin time, were also more prominent in pa-
tients with cancer [13].

According to the study conducted in three hospitals
in Wuhan, China, 28 cancer patients were registered
out of 1276 patients (2.2 %) admitted between Janu-
ary 13, 2020, and February 26, 2020 [14]. The average
age was 65.0 years; and males comprised 17 (60.7 %)
among them. Lung cancer was most common (n = 7;
25.0 %) in this cohort, followed by esophageal cancer
(n=4;14.3 %) and breast cancer (n = 3; 10.7 %). Stage
IV cancer was diagnosed in 10 patients (35.7 %). All pa-
tients received anticancer therapy. Within 14 days after
the diagnosis of COVID-19, 6 (21.4 %) patients received
at least one type of anticancer therapy, such as chemo-
therapy (n = 3; 10.7 %), targeted therapy (n = 2; 7.1 %),
radiation therapy (n = 1; 3.6 %) or immunotherapy
(n=1; 3.6 %). As of February 26, 2020, 15 (53.6 %) pa-
tients developed severe clinical events, 6 (21.4 %) patients
were admitted to the intensive care unit, 10 (35.7 %) pa-
tients had life-threatening complications, and 8 (28.6 %)
of patients died. Out of 10 patients with stage IV cancer,
7 (70.0 %) developed severe complications. Among
6 cancer patients who received anticancer treatment
within 14 days after COVID-19 diagnosis, 5 (83.0 %) of
them developed severe complications. In addition, 84.6 %
of patients (11 of 13) with consolidation foci on CT on ad-
mission developed severe complications. The most com-
mon complication was acute respiratory distress syndrome
(n =8; 28.6 %), followed by septic shock (n = 1; 3.6 %)
and acute myocardial infarction (n = 1; 3.6 %). Two patients
(7.1 %) were suspected of pulmonary embolism [14].

In total, from March 18, 2020 to April 8, 2020, 218 pa-
tients diagnosed with COVID-19 were identified. In this
group 61 (28.0 %) patients died from COVID-19 with a
case-fatality rate (CFR) of 37.0 % (20 of 54) and 25.0 %
(41 of 164) among patients with oncohematological
diseases and solid malignant neoplasms, respectively,
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whereas 6 out of 11 (55.0 %) patients with lung cancer
died. Increased mortality was associated with older age,
multiple comorbidities, required intensive care, and ele-
vated D-dimer levels. Evidence showing a significantly
increased mortality from COVID-19 among cancer pa-
tients points at the need for active strategies to reduce
the likelihood of infection and improve its early detection
in this group of patients [15].

Patients with malignant neoplasms associated with se-
vere immunodeficiency (lymphomas, leukemias, and mul-
tiple myelomas) are likely to be at peak risk for COVID-19
infection. The most severe coronavirus infection was in
patients with myelosuppression as well as after hemato-
poietic cell transplantation. Risk factors included age over
50 years, graft versus host disease, corticosteroid use,
neutropenia, lymphopenia, and hypoalbuminemia [15].

The COVID-19 and Cancer Registry (CCC19) has pub-
lished data from a large cohort study of 928 patients from
the United States, Canada, and Spain [13]. The mortality
rate of cancer patients was analyzed within 30 days after
verifying COVID-19. The average age of the patients was
66 years (57-76). The disease was most often associa-
ted with breast (21.0 %) and prostate (16.0 %) cancers.
Independent risk factors associated with 30-day morta-
lity included age (RR = 1.84; 95 % confidence interval
(Cl) = 1.53-2.21), smoking status (RR = 1.60; 95% Cl =
1.03-2.47), male gender (RR =1.63; 95% Cl = 1.07-2.48),
number of concomitant diseases (more than one disease:
RR = 4.50; 95% Cl = 1.33-15.28), active oncological pro-
cess (RR =5.20; 95% Cl = 2.77-9.77). It should be noted
that obesity, the type of tumor, and the anticancer therapy
used did not affect the mortality rate [16].

Systemic inflammatory response
syndrome / CHHApPOM CHCTEMHOI'O
BOCIIAJIUTEIFHOTO OTBETA

In the pathogenesis of COVID-19, activation of the
endothelium and its interaction with various inflamma-
tion biomarkers, as well as with the virus, may be cri-
tical. SARS-CoV-2 initiates the development of the sys-
temic inflammatory response syndrome, which results
in inhibited thromboresistant properties of the vascular
endothelium and upregulated expression of tissue factor
(TF). A similar pathogenesis is typical for the develop-
ment of malignant neoplasms, thus the procoagulant ef-
fect of the virus and tumor cells has a synergistic effect
and much more often leads to the development of dis-
seminated intravascular coagulation (DIC) [17].

All three components of the Virchow triad are relevant
for both cancer patients and patients with COVID-19.
In these diseases, damage to the endothelium occurs,
which leads to the activation of proinflammatory sti-
muli. Stasis is realized upon prolonged hospitalization
and immobilization, especially in patients on mechani-

cal ventilation and admitted to the intensive care unit.
The expression of proinflammatory cytokines caused by
COVID-19 and tumor tissue mainly contribute to throm-
bogenesis in both cases [18]. The tumor also secretes
multiple cytokines found in patients with SARS-CoV-2
infection. TNF-o and IL-1 may contribute to thrombosis
by inducing expression of TF and von Willebrand factor
(VWF) on vascular endothelial cells, increasing the level
of plasminogen, and weakening anticoagulant effects by
suppressing thrombomodulin expression [19].

Tissue factor plays a decisive role in ensuring coa-
gulation and angiogenesis in both solid neoplasms and
lymphoproliferative diseases. SARS-CoV-2 promotes
the induction of endothelins in multiple organs as a di-
rect consequence of viral injury and host inflammatory
response. Tissue factor is also expressed by mononuc-
lear cells and macrophages in response to proinflam-
matory cytokines [20]. Coagulation mainly depends on
TF-expressing inflammatory monocytes recruited by ac-
tivated endothelial cells [21].

Likewise, cancer-related neutrophil extracellular traps
(NETs), a DNA-linked network of proteases and histones
derived from neutrophils, can promote the activation of
host cells, contributing to developing thrombosis [22].
For instance, NETs can serve as a platform for direct
platelet adhesion and aggregation. Moreover, NETs-as-
sociated histones can indirectly increase platelet aggre-
gation by increasing the level of vVWF released from acti-
vated endothelial cells.

The "cytokine storm" characteristic of coronavirus in-
fection is a life-threatening systemic inflammatory res-
ponse syndrome resulting from increased level of cir-
culating cytokines and hyperactived immune cells [23].
While cytokine storm develops, DIC with occlusion of
large and small vessels and hemorrhagic syndrome
proceeds relatively quickly due to pulmonary embolism,
shortness of breath, hypoxemia, and hypotension may
develop. Many patients develop respiratory symptoms,
including cough and tachypnea, which may progress to
acute respiratory distress syndrome, requiring mecha-
nical ventilation to compensate hypoxemia. The nonspe-
cific markers of inflammation, such as C-reactive pro-
tein, will be elevated correlating with the disease severi-
ty. IL-6 is one of the most multi-faceted cytokines, as it
is expressed and acts on both immune and non-immune
cells in many organs and systems. Its activation leads
to systemic hyperinflammatory reaction with secretion
of monocyte chemoattractant protein type-1 (MCP-1),
IL-8, additional expression of IL-6, as well as an increase
in the production of vascular endothelial growth factor
(VEGF), which contribute to increased vascular permea-
bility and direct pulmonary dysfunction [24]. TNF-a, ex-
pressed both in COVID-19 and tumor, is a potent pro-in-
flammatory cytokine that enhances systemic inflamma-
tion and, in turn, induces IL-6 production [25]. TNF-a
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can induce cell apoptosis, and in mouse models it has
been shown that during developing toxic shock, it was a
cytokine driver that triggers and intensifies the "cytokine
storm". Plasma proteins, such as complement compo-
nents and other inflammatory mediators, can contribute
to developing "cytokine storm" [26].

On the other hand, cytokines can also increase the
production of complement proteins. Thus, the comple-
ment system being partially pre-activated in cancer pa-
tients can cause additional damage in the presence of
coronavirus infection [27]. Elevated serum cytokine le-
vels in COVID-19 patients include IL-1p, IL-6, TNF-a, in-
terferon-y, macrophage inflammatory protein (MIP) 1a
and 1B, and VEGF [28].

Over the past 10 years, the role of IL-6 in oncogenesis
and anti-apoptosis signaling as well as assessing cancer
prognosis has been demonstrated [29].

"Cytokine storm" can also develop due to CAR (chi-
meric antigen receptor) T-cell therapy, which is used
for chemoresistant hematological malignancies and
some solid tumors [30]. Given the critical role of IL-6
in both COVID-19 and cancer, research into the effects
of COVID-19 in cancer patients will be indispensable
whether it plays a synergistic role in tumor progression.
For instance, if a cancer patient becomes infected with
SARS-CoV-2, will the tumor cells be susceptible to IL-6
release known to be associated with malignant progres-
sion, and lead to worse outcomes? Therefore, are anti-
IL-6 receptor monoclonal antibodies a drug of choice
in cancer patients, since downmodulated IL-6 produc-
tion can be a positive therapeutic effect both in cancer
treatment and alleviating the "cytokine storm" caused
by COVID-19? In May 2020, a phase Il clinical trial
(NCT04370834) was launched to evaluate the effective-
ness of tocilizumab use in patients with COVID-19 and
malignant neoplasms, but in January 2021 the study was
interrupted and its results have not yet been published
(https://clinicaltrials.gov/ct2/show/study/NCT04370834).

In addition, the question is whether IL-6 release due
to COVID-19 can activate oncogenesis still remains. One
scenario is that treating COVID-19 patients with IL-6
therapies can prevent malignant progression, and that
patients with documented IL-6-mediated malignancies
and COVID-19 may be eligible for specific therapy. While
clinical trials are exploring multiple ways to reduce IL-6
production, the question remains: Which COVID-19 pa-
tients would benefit most from IL-6 suppression, and
what parameters should be used assess it?

SARS-CoV-2 influencing hemostasis /
Biamsanue SARS-CoV-2 Ha cucremy
reMocTa3a

The severe course of COVID-19 infection is usually
associated with the development of DIC and coagulopa-

thy, as well as pulmonary embolism [31-33]. Developing
as a hypocoagulant septic coagulopathy, disseminated
intravascular coagulation syndrome can lead to signifi-
cant complications. The effect of SARS-CoV-2 infection
on the hemostatic system is mediated by proinflamma-
tory cytokines such as IL-1B, TNF-a, with IL-6 being es-
pecially pronounced [31]. The endothelial cell dysfunc-
tion resulting from infection contributes to the excessive
thrombin formation and suppressed fibrinolysis, i.e.,
a hypercoagulable state. Hypoxia occurring in severe
pneumonia can be both a consequence and a cause of
microvascular thrombosis.

Although both low and high levels of fibrinogen have
been reported in COVID-19 (normal levels range within
2-4 mg/ml) [32], the main factor behind high fibrino-
gen levels is the increased blood coagulation potential.
Fibrinogen, D-dimer, vVWF, and P-selectin play a cen-
tral role in the development of coagulopathy in both
COVID-19 and cancer patients [33]. In a cohort study of
201 patients with confirmed COVID-19 pneumonia, risk
factors associated with acute respiratory distress synd-
rome development and the transition from acute respi-
ratory distress syndrome to death included particular-
ly hemostatic dysfunction [34]. D-dimer was within the
normal range or slightly increased at the onset of the
disease, but while it proceeded, D-dimer increased sig-
nificantly, as in the case of developing oncological pro-
cess. It was also found that DIC-syndrome in COVID-19
is accompanied by significantly decreased level of fibri-
nogen and noticeably increased formation of fibrin deg-
radation products and D-dimer. An increase in the level
of fibrin degradation products and D-dimer is a charac-
teristic feature for DIC-syndrome with hyperfibrinolysis,
whereas DIC caused by infection is accompanied by re-
leased inhibitor of plasminogen-1 activator (PAI-1) and
suppressed fibrinolysis [34].

The processes of thrombogenesis and inflammation
are closely interrelated. Regardless of the etiology of
pneumonia, coagulopathy is recorded in many patients
with severe course. However, are there any features of
the coagulopathy pathogenesis in patients with pneu-
monia associated with COVID-19 compared with same
severity pneumonia caused by other infection? In a ret-
rospective study, S. Yin et al. was one of the first to des-
cribe the features of the hemostasis system functio-
ning in patients with severe pneumonia caused by SARS-
CoV-2 (COVID-19 group) and non-SARS-CoV-2 (non-
COVID-19 group) [35], in particular, the effectiveness
of anticoagulant therapy in patients with elevated D-di-
mer levels was evaluated. The study included 449 pa-
tients with COVID-19 and 104 patients with pneumonia
of a different etiology. There was a double mortality in
the COVID-19 group compared to the non-COVID group
(29.8 % vs. 15.4 %, respectively; p = 0.003). However, it
was noted that in the COVID-19 group, on average, pa-
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tients were older (65.1 £ 12.0 years vs. 58.4 + 18.0 years,
respectively; p < 0.001). The authors concluded that an
increased level of D-dimer due to coronavirus infection
was associated with a poor prognosis in patients with
severe course.

Fibrinogen receptors are of particular importance
because the binding of their ligands causes the activa-
tion of various inflammatory signaling pathways. These
pathways are essential for healthy physiological proces-
ses but play a critical role in pathophysiology, including
the "cytokine storm" in COVID-19 and cancer. Poor out-
comes in COVID-19 correlate with clinical and laborato-
ry signs of systemic inflammatory response syndrome
and elevated D-dimer levels. However, in the presence
of a "cytokine storm", bleeding predominates, and a low
survival rate is noted. In other words, at an early stage
of COVID-19, patients with normal or slightly elevated
D-dimer levels, had increased levels of fibrinogen, vVWF
and P-selectin and activated platelets, if not treated, the
clinical picture changes to a rapid increase in D-dimer,
and even more significant increases in fibrinogen, vWF
and P-selectin levels and platelet hyperactivation. This
corresponds to the state of hypercoagulation and throm-
bosis. Then, during the development of coronavirus in-
fection, the levels of D-dimer and P-selectin further in-
crease, and the levels of fibrinogen and VWF decrease,
as these molecules are depleted either from the circula-
tion or from damaged endothelial cells and hyperactiva-
ted platelets [35].

Experts from the International Society of Thrombo-
sis and Haemostasis (ISTH) consider a 3-4-fold increase
in D-dimer level as an independent indication in favor
for hospitalization of patients with COVID-19 [36]. In
addition, coronavirus pneumonia is significantly more
often accompanied by thrombocytosis, compared with
the group without COVID-19: 215 + 100x10%L vs. 188 +
98x10%L (p = 0.015). According to the study, this may
be due to a more severe inflammatory reaction develop-
ment and is associated with a greater risk of develop-
ment [37].

At the beginning of the infectious process caused by
SARS-CoV-2, a moderate increase in the content of fib-
rinogen and D-dimer is observed, then, as the disease
progresses and respiratory failure aggravates, a condi-
tion, which experts call pre-DIC-syndrome develops. At
the same time, there is a significant increase (3—4 times)
in the level of D-dimer and prolonged prothrombin time.
The activation of the hemostasis system occurs through
inflammatory mediators (IL-6, TNF-a)), both by dama-
ging and activating the endothelium (due to TF produc-
tion) and stimulating platelets, resulting in triggered the
external coagulation pathway. The pathogenesis of dis-
seminated intravascular coagulation is also enabled by
reducing the activity of natural anticoagulants and dis-
rupting the mechanisms of platelet disaggregation. As

disseminated intravascular coagulation proceeds, there
is a markedly prolonged prothrombin time and dec-
reased platelet count. Thus, hypercoagulation develops
already at early stages, partly predetermining the severe
course of the infection being associated with increased
risk of developing disseminated intravascular coagula-
tion and thromboembolism [38].

In a number of other studies, it was confirmed that an
increase in the levels of D-dimer and fibrinogen, a pro-
longed prothrombin time is also associated with a severe
course of GOVID-19. N. Tang et al. found that a signifi-
cant increase in the level of D-dimer is one of the predic-
tors for increased mortality. In particular, it was noted
that in the deceased subjects, the D-dimer content ave-
raged 2.12 (0.77-5.27) pyg/ml, while the survivors had it
at level of 0.61 (0.35-1.29) pg/ml at a rate of less than
0.5 pg/ml [39].

It is still unknown whether thrombosis caused by
COVID-19 can be associated with concomitant antiphos-
pholipid antibodies (APAs). One study found that the de-
velopment of thrombosis in the three COVID-19 patients
was associated with anticardiolipin antibodies (aCL)
and antibodies to B,-glycoprotein 1 (ap,-GP1) [40]. In
another study, 50 patients with COVID-19 were tested
for lupus anticoagulant (LA) and other antiphospholipid
antibodies, among which 25 subjects were LA-positive,
and only three had aCL and ap,-GP1 [41]. Most likely,
COVID-19 coagulopathy should be assessed and treated
as an immune-mediated rather than classical antiphos-
pholipid syndrome (APS). Finding positive antiphospho-
lipid antibodies in some patients infected with COVID-19
is not sufficient to suggest that these antibodies are di-
rectly involved in thrombosis associated with COVID-19.
However, life-threatening microthrombosis and DIC in
COVID-19 share clinical and laboratory features with ca-
tastrophic APS [42].

Indications to use anticoagulant therapy /
OCOOGEHHOCTH IPUMEHEHHUA
AHTHKOAT'YLIHTHOM TePAIIuH

Low molecular weight heparin (LMWH), in addition to
the direct anticoagulant effect, also has anti-inflammato-
ry properties, reducing IL-6 biological activity and serum
levels. A retrospective study involved 449 patients with
severe COVID-19, of whom 99 subjects received heparin
(mainly LMWH). The results show that the heparin-trea-
ted group had lower mortality rates among patients with
increased coagulopathy and D-dimer levels [43]. Another
retrospective study enrolled 42 patients with COVID-19
and analyzed the effectiveness of LMWH in retarding the
inflammatory response: 21 patients treated with LMWH
had significantly lower IL-6 levels, higher lymphocyte
levels, and less severe coagulopathy compared with 21
patients who did not receive LMWH. However, no dif-
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ference in the length of hospital stay between the two
groups was observed [44].

Heparin inhibits the binding of von Willebrand factor
to platelet glycoprotein (vWF-GP1b), and the reason for
this is that heparin overlaps the binding site in the Al
domain of VWF, thereby inhibiting platelet activation. In
the late stages of COVID-19, a decrease in VWF levels
suggests its depletion, which is associated with massive
endothelial damage and endotheliopathy [45].

A factor that can limit the use of anticoagulant therapy
in cancer patients with coronavirus infection is throm-
bocytopenia, which occurs in about half of cases. A
meta-analysis of 9 studies showed that platelet counts
were significantly lower in patients with more severe
COVID-19 infection, and thrombocytopenia is a factor of
the unfavorable prognosis [46]. One of the reasons for
decreased platelet count may be due to elevated circula-
ting biomarkers such as fibrinogen, D-dimer, P-selectin,
and vVWF, which can directly bind to platelet receptors,
followed by platelet hyperactivation and aggregation.
The number of platelets declines during such hyperac-
tivation since the hyperactivated and aggregated plate-
lets are part of the microthrombi. Considering the deve-
lopment of systemic inflammatory response syndrome
characteristic of both cancer patients and patients with
COVID-19, heparin-induced thrombocytopenia (HIT) is
an additional risk factor for thrombocytopenia [46].

X. Liu et al. suggested that antibodies against heparin-
PF4 (platelet factor 4) complex are induced in critically
ill patients with COVID-19, leading to HIT (Fig. 2). During
inflammation, activated platelets release PF4 in response
to pathogen activity. PF4 promotes neutrophil recruit-
ment and exocytosis resulting in released myeloperoxi-
dase and lysozyme. After the invasion by the respiratory
virus, PF4 can stimulate antigen-presenting cells (APCs)
to induce lymphocyte proliferation and NK-cell (natural
killer cells) cytotoxic activity. PF4 plays a critical role
in virus elimination [47]. Since HIT is an immune dis-
ease, the risk of its development in systemic inflamma-
tory response syndrome increases significantly. In a ret-
rospective cohort analysis of 652 hospitalized COVID-19
patients at Beth Israel Deaconess Medical Center, 88 pa-
tients with severe thrombocytopenia were recruited and
received unfractionated heparin (UFH) at least for 5 days.
Eight patients were suspected of HIT, and in 5 patients
the enzyme immunoassay test was positive for HIT. All
5 patients were treated with direct thrombin inhibitors
after an anti-HIT antibody test (four with argatroban, one
with bivalirudin). Whereas three patients developed se-
vere hemorrhagic complications with fatal outcomes,
one patient suffered from acute cerebrovascular infarc-
tion and extensive areas of splenic infarction [48]. High
levels of antibodies against heparin—-PF4 complex were
observed in the majority of patients with thrombocyto-
penia.

R.R. Riker et al. reported cases of thrombocytope-
nia with detected antibodies against PF4 in 16 intuba-
ted COVID-19 patients together with acute respiratory
distress syndrome [49]. All three patients had signs of
thrombosis (pulmonary embolism, venous thrombosis
of the upper extremities, and skin necrosis). One case
was confirmed as a HIT serotonin release assay.

In addition, anticoagulants are used for potential coa-
gulation dysfunction in COVID-19, and other medical
procedures also require the heparin use. For critically
ill COVID-19 patients, extracorporeal membrane oxyge-
nation (ECMO) is used to replace lung and heart function,
and unfractionated heparin is often administered during
the procedure to prevent coagulation. It also poses se-
verely or critically ill patients at high risk for HIT. In a study
of patients with severe heart failure, 29 patients (50 %)
of 57 adult patients who underwent ECMO for at least 5
days were positive for PF4-specific antibodies. HIT was
suspected in two patients due to ECMO circuit dysfunc-
tion (recurrent clots or fibrin deposition with dramatic dec-
rease in plasma fibrinogen levels) and an unexpected dec-
rease in platelet count after day 5. These two patients also
had high levels of PF4-specific 1gG. Ultimately, HIT was
confirmed in both individuals using a serotonin release
assay [50].

Thus, a severe COVID-19 cases if coupled to plate-
let count decline by more than 50 % from the baseline
having signs of arteriovenous thrombosis after hepa-
rin administration should be screened for HIT. Patients
with COVID-19 using ECMO support are advised to be
monitored for HIT. If the ECMO circuitry is abnormal
and platelets gradually decrease along with high level
of PF4-specific IgG antibodies, then it should be consi-
dered that HIT might be suspected to develop [51].

\ 7/

PF4
«/ || T PF4-heparin antibodies
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2, (R4
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Heparin Platelet

Figure 2. The mechanism of heparin-induced thrombocytopenia
development [drawn by authors].

Note: PF4 — platelet factor 4.

PucyHok 2. MexaHn3m pasButus renapuH-uHLYLNPOBaHHON
TPOMOOLMTONEHNI [PUCYHOK aBTOPOB].

lpnmeyanne: PF4 — chakTop 4 TpomM60oUNTOB.
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In COVID-19 patients, serum HIT antibody concentra-
tions correlate significantly with C3a levels, which are
elevated in cancer patients. Since complement activa-
tion can trigger the release of heparin from mast cells,
spontaneous HIT in COVID-19 may be associated with
complement activation as it was reported for IgM [52].

Conclusion / 3axiIrouenue

The data obtained confirm the vulnerability of can-
cer patients during the COVID-19 pandemic. Thus, it
can be concluded that cancer patients have a more se-
vere course of COVID-19, which is associated with the
need for inpatient treatment and they have a high risk
of developing severe complications. Also, patients with
COVID-19 have a higher mortality rate if they suffer from
oncology diseases compared to other comorbid condi-
tions. It should be taken into account that COVID-19 is

a lung disease combined with a vascular pathology, a
dysfunction of the hemostasis system associated with
the immune response against viral infection, so that its
pathogenesis mimics oncological processes.

Based on these studies, the American Association
for Cancer Research (AACR) notes a high likelihood of a
more severe course of COVID-19 in cancer patients and
recommends a delay in adjuvant chemotherapy or elec-
tive surgery if cancer course is stable.

Because patients with COVID-19 often experience coa-
gulation abnormalities, clinical use of heparin to prevent
it can lead to HIT, so the symptoms and clinical signs of
HIT should be monitored, especially in cancer patients
prone to developing this condition.

The higher risk of severe COVID-19 in patients with
cancer prompts the development of unique approaches
for the treatment of new coronavirus infection in such
patients.
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