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Abstract

Introduction: Cancer-Associated Thrombosis (CAT) is a major problem for cancer patients, worsening their prognosis and leading to increased
mortality rate. Anticoagulant treatment in cancer patients carries some risks associated with both increased bleeding and recurrence rates despite
optimal anticoagulant therapy.

Aim: We aim to evaluate the safety and efficacy of different anticoagulation regimens in CAT patients.

Methods: We included a retrospective and a prospective group of CAT patients in the study. Anticoagulant therapy was initiated according to
individualized patients’ characteristics. We divided the patients into four groups based on the prescribed anticoagulant and we compared mortality,
bleeding, and recurrent events between these groups on the sixth month of the follow-up.

Results: The study includes 103 patients with a mean age of 65,3 (+/- 11,05); 49,5% of them are female; 66% are in stage IV (with metastatic
disease at diagnosis); 12,6% have concomitant atrial fibrillation; 10,7% have heart failure; 12,6% have coronary artery disease, and 59,2% have
hypertension. 82,5% were diagnosed with Venous Thromboembolism (VTE), 13,6% with arterial thrombosis, and 3,87% with both arterial and
venous thrombosis. 22,33% of patients had bleeding events. 12,6% were cases of major, 5,8% Clinically Relevant Non-Major (CRNM), and 3,9%
minor bleeding. Different anticoagulant regimens resulted in a similar rate of bleeding. The most frequent tumors associated with bleeding were
gastrointestinal and gynecologic tumors (17,4% of each). There were 14,6% recurrent events, without a significant difference in subgroups of
different anticoagulation therapies. The most common tumors associated with recurrence were lung, gastric, and bladder cancer (13,33% each). The
mortality rate was high: 52,4% of patients died during follow-up, with no difference in subgroups according to therapy.

Conclusion: There is still no optimal anticoagulant suitable for all cases of CAT with a predictable effect, effectively limiting both recurrence and
bleeding events. There is no statistical significance between different anticoagulation regimen groups regarding mortality, bleeding, and recurrence.
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Introduction

Cancer-Associated Thrombosis includes VTE and arterial
thrombotic events. The most common arterial thrombotic events
include myocardial infarction, cerebrovascular disease, and Periph-
eral Artery Disease (PAD) [1]. VTE combines Pulmonary Embolism
(PE) and Deep Vein Thrombosis (DVT). CAT is a leading cause of
morbidity and mortality in cancer patients. VTE and arterial throm-
boembolism are the second most common cause of death in can-
cer patients after cancer itself [2]. Cancer patients are associated
with an increased risk of bleeding and recurrent thromboembolic
events, despite optimal anticoagulant therapy. The overall surviv-
al of CAT patients is shorter than that of cancer patients without
thrombosis.

The last decade has revolutionized our understanding of the
molecular mechanisms associated with the increased risk of throm-
bosis in cancer patients. Despite recent advances, there is still a gap
in the knowledge of the most appropriate approaches for thrombo-
prophylaxis and treatment in cancer-related thrombosis. The VTE
risk in cancer patients should be regularly reassessed. The Khora-
na score has been developed to assess the need for prophylaxis of
VTE in cancer patients. Based on the calculated score, patients are
divided into three groups: low risk (0 points), intermediate risk (1
or 2 points), and high risk (=3 points) according to cancer type, leu-
kocyte, hemoglobin and platelet levels, erythrocyte growth factor
usage and body mass index [3].

According to Tzu-Fei Wang, the 6-month risk of developing VTE
in cancer patients is up to 12-fold higher than that risk in the general
population. That risk is even higher in patients receiving anticancer
treatment (up to 23-fold higher) [4]. The pathophysiology of CAT is
multifactorial. Cancer induces a pro-inflammatory and pro-throm-
botic state and is a strong risk factor for thromboembolic events.
Risk factors associated with thrombosis can be divided into three
groups. The first group are patient related risk factors (such as in-
creasing age, female sex for VTE and male sex for arterial thrombo-
embolism, immobility, prior VTE history, some hereditary coagula-
tion defects, comorbidities such as chronic kidney disease, obesity,
acute infection, cardio-vascular disease, and pulmonary diseases).
The second group are cancer-related risk factors, including cancer
type and stage. Cancers of the pancreas, stomach, ovaries, brain,
lung, and myeloma are associated with an increased risk for VTE.
Advanced or metastatic disease is also a risk factor for VTE. Histol-
ogy (e.g., adenocarcinoma) as well as some genetic characteristics
of the tumor, such as JAK2 or K-ras mutations, also increase the risk.
The third group are treatment-related risk factors-presence of cen-
tral venous catheters, hospitalization, major surgery, cancer ther-
apy, including chemotherapy (platinum-based chemotherapeutic
agents such as cisplatin and carboplatin; anthracyclines, taxanes,
cyclophosphamide, and antimetabolites); anti-angiogenic agents
such as bevacizumab, sorafenib, and sunitinib; immunomodulato-
ry drugs (e.g., thalidomide, lenalidomide); proteasome inhibitors
(carfilzomab); hormonal therapy and erythropoiesis-stimulating
agents. Blood transfusions also increase the thrombotic risk [5,6].

CAT is a major problem among the population with malignan
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cies, leading to a poor prognosis, and that is why there are sever-
al clinical trials, randomized controlled trials, and meta-analyses
regarding treatment options in this field. We are focused on car-
dio-oncology in order to advance the care of cancer patients. We
have a large database of CAT patients and which is why we would
like to present our experience on this topic.

Aim
The aim of our project is to evaluate the safety and efficacy of

different anticoagulation regimens in patients with cancer-associ-
ated thrombosis.

Methods

We included a retrospective and a prospective cohort in the
study. We searched for the patients in the retrospective cohort in
our database for a period of one year dating back from the start
of the study (from November 1, 2021 to November 1, 2022). All
oncology patients with newly diagnosed CAT were included in the
prospective cohort for a period of one year (from November 1,2022
to November 1, 2023).

Anticoagulant therapy was initiated. The choice of anticoag-
ulant was based on the patient’s baseline characteristics, age, Es-
timated Glomerular Filtration Rate (eGFR), Hemoglobin (Hb) and
Platelet (PIt) levels, concomitant diseases, bleeding risk, the type
and stage of the tumor, the presence of brain lesions, the patients’
preferences, etc. We divided the patients into four groups: a group
who do not take anticoagulant therapy (called group 0, which in-
cludes 30 patients), a group with Direct Oral Anticoagulants (DO-
ACs) (group 1, which includes 55 patients), a group on parenteral
anticoagulants (group 2, which includes 14 patients), and a group
of patients prescribed Vitamin K Antagonists (VKAs) (group 3,
which includes 4 patients).

We collected a sample of 103 patients (50 patients in the retro-
spective group and 53 patients in the prospective group), and we
followed them up until the end of the study. The follow-up includ-
ed assessing adherence to therapy, bleeding events, and the recur-
rence of thrombotic events.

We compared mortality, bleeding, and recurrent events be-
tween different groups of anticoagulants on the sixth month of the
follow-up. The bleeding events were classified as major, CRNM and
minor bleeding. The International Society on Thrombosis and Hae-
mostasis (ISTH) defines major bleeding as fatal bleeding, or bleed-
ing causing a fall in hemoglobin level of 20 g/1 or more, or requiring
transfusion of 2 or more units of blood or symptomatic bleeding in
a critical area (intracranial, intraspinal, intraocular, retroperitoneal,
intraarticular, pericardial, or intramuscular with compartment syn-
drome) [6,7]. CRNM bleeding is defined as hemorrhage that does
not satisfy the criteria for the ISTH definition of major bleeding but
leads to hospitalization or requires medical or surgical intervention
[8]. Minor bleeding events are bleedings not classified as major or
CRNM bleeding.
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Statistical Analysis

We present continuous variables as mean values with a Stan-
dard Deviation (SD). We present categorical variables as Numbers
(N) and Percentages (%). We compare mortality, bleeding events
and recurrent events between different groups of anticoagulants
and express the difference between groups as a p-value. We used
the two sample T.TEST function in Excel (version 2016), comparing
the mean values of samples between two population groups to find
the p-value. A p-value less than 0,05 was considered statistically
significant.

In addition, we present baseline characteristics among the four
groups of anticoagulant regimens, the prevalence of different tu-
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mors in patients with CAT, tumors most commonly associated with
bleeding or with recurrent events.

Results
Patient Characteristics

We included 103 patients-50 in the retrospective group and 53
in the prospective group and followed them up for 6 months. The
average age of patients was 65,3 years. They were almost equally
distributed by gender. Most of the patients had metastatic disease.
Hypertension was observed in most of them. Anemia was prevalent
among patients (Table 1). VTE is much more common than arterial
events (Figure 1).

Type of thrombosis

arterial thrombasis; 13,60%

PE+DNT; 12.60%
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Figure 1: Types of thrombosis.

Table 1: Baseline patient characteristics.

Baseline Patient Characteristics

Study Population (n=103),

Average age (years), SD

65,3 (+/- 11,05)

Female (%) 49,5
Metastases n, (%) 68, (66)
Atrial fibrillation, n, (%) 13,(12,6)
Heart failure, n, (%) 11, (10,7)
Coronary artery disease, n, (%) 13,(12,6)
Hypertension, n, (%) 61, (59,2)

Average eGFR (ml/min), SD

74,83 (+/-27,09)

Average PLT, SD

283,85 x109/1 (+/-139,54)

Average Hb (g/1), SD

112,95 (+/-20,61)

Average D-dimer (ng/ml), SD

7201,8 (+/- 6352,95)

Pulmonary embolism, n, (%) 48, (46,6)
DVT, n, (%) 24, (23,3)
PE + DVT, n, (%) 13, (12,6)
Arterial thrombosis, n, (%) 14, (13,6)
Arterial thrombosis + PE, n, (%) 3,(29)
Arterial thrombosis + DVT, n, (%) 1,(0,97)
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Average Khorana risk score, SD

1,51 (+/-1,11)

Average HAS bled risk score, SD

1,445 (+/-0,91)

Average VTE bleed risk score, SD

4,95 (+/-1,53)

Average RIETE risk score, SD

3,075 (+/-1,49)

Based on the prescribed anticoagulant therapy we analyzed 4
different groups: the first group was on DOACs (55 people, 53,4%),
4 subjects were on VKAs (3,9 %), 14 were on parenteral anticoagu-
lants (UFH or LMWH; 13,6%) and 30 patients (29,1 %) did not take
any anticoagulant for some reason (e.g., bleeding history associated

with anticoagulants, high bleeding risk, brain lesion, etc.). The old-
est patients were in group 3 (patients on VKAs), and the youngest
were in group 2. The platelet level is highest in group 0 and lowest
in group 3. Anemia was prevalent among the four groups (Table 2).

Type of tumors associated with CAT

Figure 2: Types of tumors associated with CAT.

Table 2: Results in different groups of anticoagulants.

) ) Without Anticoagulant Parenteral Anticoagulants VKAs (Group 3)
Baseline Pa_tu?nt Charac- (Group 0) DOACs (Group 1) N=55 (group 2)
teristics N=4
N=30 N=14

Average age
63,7 (+/-9,45)

67(+/-11,61)

59,3(+/- 8,45) 71(+/-10,04)

(years), SD
Female, n, (%) 18, (60) 27,(49,1) 6, (42,85) 1, (25)
Metastases, n, (%) 21,(70) 34, (61,8) 9, (64,3) 3,(75)
Atrial fibrillation,
2, (6,66) 8, (14,5) 0 3,(75)
n, (%)
Heart failure,
4,(13,33) 4,(7,3) 2,(14,3) 1, (25)
n, (%)
Coronary artery disease, 2, (6,66) 8, (14,5) 1,(7,1) 2,(50)
n, (%)
Hypertension, n, (%) 17, (56,7) 34,(61,8) 7,(50) 3,(75)

Average eGFR (ml/min), SD

83,1(+/- 28,59)

73,33(+/-22,57)

65,7(+/-34,38)

66(+/-26,76)

Average PLT, SD

319,8(+/-163,25)

280(+/- 133,85)

247(+/-83,96)

194,6(+/-88,95)

Average Hb (g/1), SD

112,4(+/- 24,68)

114,6(+/- 19,23)

107,3(+/- 14,99)

114(+/- 18,53)

Average D-dimer (ng/ml),
SD

6799,5(+/-5953.3)

7287(+/- 6627,20)

8528,4(+/-6299)

2442(+/- 869,71)
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Pulmonar}E(;)r;lbohsm, n, 19, (63,33) 27, (49,1) 2,(14,3) 0
DVT, n, (%) 7,(23,33) 10, (18,1) 6, (42,85) 1, (25)
PE + DVT, n, (%) 1,(3,33) 11, (20) 1,(7,1) 0
Arterial thrombosis, n, (%) 2, (6,66) 4,(7,2) 5,(35,7) 3,(75)
Arterial thrombosis + PE,
n, (%) 0 3, (5,45) 0 0
Arterial thrombosis + DVT,
n, (%) 1,(3,33) 0 0
Average Khorana risk score,
D 1,73(+/-1,15) 1,47(+/- 1,07) 1,26(+/-1,16) 1,25(+/-0,82)
Average HAS bled risk 1,37(+/- 0,83) 1,45(+/- 0,82) 1,36(+/-1,23) 2,25(+/- 0,82)
score, SD
Average VTE bleed risk 4,69(+/- 1,30) 4,95(+/-1,60) 5,5(+/-1,53) 4,67(+/-1,5)
score, SD
Average RIETE
2,75(+/-1,26) 3,28(+/-1,58) 2,8(+/-1,44) 2,5(+/-)
risk score, SD

The largest proportion of CAT patients have lung cancer (30
people, 29,1%). The second place is divided between colon cancer
(13,6%), breast cancer (13,6%) and carcinoma of the genital sys-
tem (14 people, 13,6%). Bladder cancer takes third place (6 people,
5,8%). The next place is for kidney cancer (4 people, 3,9%), gastric
cancer (3,9%) and pancreatic cancer (3,9 %). There are 3 patients
with melanoma (2,9%). 2 patients have seminoma (1,94%). The
rest of the tumors are one number each: prostate cancer (0,97%),
heart cancer (0,97%), carcinoma of the cavum nasi (0,97%), sinus
macxillaris (0,97%), esophagus (0,97%), thymus gland (0,97%),

tongue (0,97%), and sarcoma of the periphery nerves (0,97%) (Fig-
ure 2).

Bleeding

We observed 23 bleeding events (22,33%). The bleeding rate
was highest in the DOAC group-29,09%, and especially among
patients on edoxaban-7 out of 12 or 58,33% had bleeding events.
Among the DOACs, apixaban was associated with the smallest in-
cidents of bleeding events (Table 3). There is no statistical signifi-
cance between the four groups regarding bleeding (Table 4).

Table 3: Bleeding events in different groups of anticoagulants.

Group 0 no anticoagu-
lant-N=30

Group 1 DOACs-N=55

Group 2 parenteral anti-
coagulant-N=14

Group 3 VKAs-N=4

Bleeding events N, (%)

4,(13,33)

Total: 16, (29,09)

Total: 2, (14,3)

1,(25)

Apixaban: 5 from 27,
(18,51%)

LMWH: 2 from 11, (18,2%)

Rivaroxaban: 5 from 16,
(31,25%)

UFH: 0 from 3, (0%)

Edoxaban: 7 from 12,
(58,33%)

Table 4: Comparison regarding bleeding events between different groups of anticoagulants with a calculated p-value.

Comparison
Regarding Bleeding
DOACs Parenteral Anticoagulants VKAs No Anticoagulant
Events between
Different Groups
No Anticoagulant p-value=0,10 p-value=0,61 p-value=0,26

DOACs p-value=0,93 p-value=0,54 p-value=0,10
Parenteral Anticoagulants p-value=0,93 p-value=0,86 p-value=0,61
VKAs p-value=0,54 p-value=0,86 p-value=0,26
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Bleeding events among the four anticoagulant groups are pre-
sented in Figure 4.

There are 4 cases of minor bleeding-self-limiting, that did not
require hospitalization. It was mild epistaxis or hemorrhoidal
bleeding. All patients with minor bleeding were on DOACs.

There are also six cases of CRNM bleeding, that required hos-
pitalization and specific treatment but did not require blood
transfusion. In most of the cases, it was hematuria, rectorrhagia
or hematemesis. Five of them were on DOACs and 1 was without
anticoagulant therapy.

There are 13 cases of major bleeding: fatal bleeding or bleed-
ing that required the transfusion of 2 or more units of red blood

Copyright© Veronika Petrusheva

cells, or bleeding leading to a severe decline in hemoglobin level of
more than 20 g/1. 7 of them were on DOACs, 3 were on parenteral
anticoagulants, 1 was on VKAs and 2 were without anticoagulants
(Table 3).

The most frequent tumors associated with bleeding events were
colon cancer and gynecologic tumors (4 of 23 for each, 17,4%), the
second place was divided between breast cancer, lung cancer, and
bladder cancer (3 cases of each, 13,04%). Gastric and kidney can-
cer-2 cases of bleeding for each, 8,7%. Tumors of the esophagus
and the heart: 1 case for each, 4,3% (Figure 3). In most cases, the
bleeding was from the GI tract, also there were a few cases of geni-
tourinary bleeding and epistaxis (Table 4, Figure 4).

Tumors associated with bleeding
Esophagus; 4.30%
m{clon
i
Bladder; 13,04% Lung: 13,04% - ey
- Gyearobigial
Gynecological: 17,40% ::—:In
S
Breast: 13,04%
Figure 3: Types of tumors associated with bleeding events.
F A
Bleeding events
ENO MWyes
)
) i :
|
(+] 1 2 3
Figure 4: Bleeding events among the four anticoagulant groups. On the bottom horizontal line: Group 0: patients without anticoagulant therapy.
Group 1: patients on DOACs. Group 2: patients on parenteral anticoagulants. Group 3: patients on VKAs. Vertical columns: Dark blue — patients
without bleeding during the follow-up. Light blue — patients with bleeding events during the follow-up.

Recurrent Events

There were 15 cases of recurrent events (14,6% of the group).
The recurrence rate was highest in the group 2 who were on par-
enteral anticoagulants- 28,6%. In the group who were on DOACs,

recurrence was most common in patients on rivaroxaban (Table 5).

Recurrent Thrombotic Events Among the Four Anticoagulant
Groups are Presented in Figure 6.
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Table 5: Recurrent events in different groups of anticoagulants.
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Group 0 no anticoagu-
lant-N=30

Group 1 DOACs-N=55

Group 2 parenteral anti-

coagulants-N=14 Group 3 VKAs-N=4

Recurrent events N, (%) 2,(6,7)

Total: 8, (14,5)

Total: 4, (28,6) 1, (25)

Apixaban: 4 from 27,
(14,8%)

LMWH: 3 from 11, (27,3%)

Rivaroxaban: 4 from 16,
(25%)

UFH: 1 from 3, (33,33%)

Edoxaban: 0 from 12, (0%)

Table 6: Comparison regarding recurrent events between different groups of anticoagulants with a calculated p-value.

Comparison Regarding

Recurrent Events Between DOACs Parenteral Anticoagulants VKAs No Anticoagulant
Different Groups
No anticoagulant p-value=0,28 p-value=0,89 p-value=0,22
DOACs p-value=0,05 p-value=0,22 p-value=0,28
Parenteral Anticoagulants p-value=0,05 p-value=0,57 p-value=0,89
VKAs p-value=0,22 p-value=0,57 p-value=0,22

There is no statistically significant difference regarding recur-
rence between different anticoagulant groups. The only result with
borderline statistical significance is the comparison between pa-
tients treated with DOACs and those treated with parenteral anti-
coagulants-p-value = 0,05 (Table 6).

The most frequent tumors associated with recurrent events
were lung cancer (3 cases, 20%), bladder cancer, and gastric cancer
(2 cases of each, 13,3%). Kidney cancer, breast cancer, prostate can-
cer, seminoma, melanoma, gynecologic tumors, and tumors of the
cavum nasi and sinus maxillaris-1 case for each (6,7%) (Figures 5)
(Table 6) (Figure 6).

Tumors associated with recurrent events

Figure 5: Types of tumors associated with recurrent events.

7
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Figure 6: Recurrence among the four anticoagulant groups. On the bottom horizontal line: Group 0: patients without anticoagulant therapy.
Group 1: patients on DOACs. Group 2: patients on parenteral anticoagulant. Group 3: patients on VKAs. Vertical columns: Red — patients without
recurrent events during the follow-up. Pink — patients with recurrent events during the follow-up.

American Journal of Biomedical Science & Research 610



Am ] Biomed Sci & Res Copyright© Veronika Petrusheva

mortality was highest in patients on rivaroxaban and lowest in pa-

) . . ) tients on apixaban. (Table 7). There is no statistical significance be-
54 patients (52,4%) died during the follow-up. The mortality . i

rate was highest in the group on UFH: 3 of 3 patients or 100% have tween the four groups regarding mortality (Table 8).

died. Between the 4 groups, mortality was highest in the group 2

who were on parenteral anticoagulants-71,4%. In DOACs group, in Figure 7.

Mortality

Mortality Rate Among the Four Anticoagulant Groups is Present

Moﬁ'ality
m no (alive during the follow-up)
yes (died during the follow-up)

29
26
16
14
10
4
2 2
4] 1 2

3

Figure 7: Mortality among the four anticoagulant groups. On the bottom horizontal line: Group 0: patients without anticoagulant therapy. Group
1: patients on DOACs. Group 2: patients on parenteral anticoagulants. Group 3: patients on VKAs. Vertical columns: Dark green — patients who
were still alive during the follow-up. Light green — patients who died during the follow-up.

Comparison between different groups of anticoagulant therapy in regard to
mortality, bleeding, recurrent events

B

MORTALITY BLEEDNG
S0OACS VKAs = parentersl anticosgulants = no anticosgulant

RECURRENT EVENT

Figure 8: Comparison between different groups of anticoagulants regarding mortality, bleeding and recurrent events.

Table 7: Mortality in different groups of anticoagulants.

Group 0 no anticoagu- Vi Group 2 parenteral anti- ¥
lant-N=30 Group 1 DOACs-N=55 coagulants-N=14 Group 3 VKAs-N=4
Mortality N, (%) 14, (46,7) Total: 29, (52,7) Total: 10, (71,4) 2,(50)
Apixaban: 10 from 27, . o
(37,3%) LMWH: 8 from 11, (72,7%)
Rivaroxaban: 10 from 16
, . 0
(62,5%) UFH: 3 from 3, (100%)
Edoxaban: 6 from 12, (50%)

Table 8: Comparison regarding mortality between different groups with calculated p-value.

Comparison Regarding
Mortality between Differ- DOACs Parenteral Anticoagulants VKAs No Anticoagulant
ent Groups
No Anticoagulant p-value=0,59 p-value=0,26 p-value=0,90
DOACs p-value=0,11 p-value=0,92 p-value=0,59
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Parenteral Anticoagulants p-value=0,11

p-value=0,42 p-value=0,26

VKAs p-value=0,92

p-value=0,42

p-value=0,90

(Tables 7, 8) (Figure 7)

A summarized comparison between different groups of antico-
agulant therapy regarding mortality, bleeding and recurrent throm-
botic events is presented in Figure 8.

Discussion

Our results show that lung cancer is prevalent among CAT
patients (29,1%). In our cohort, CAT is usually associated with
metastatic disease (66% of patients have metastases). The most
common type of thrombosis in our cohort is PE (46,6%). The most
common type of tumor associated with bleeding complications is
colon cancer (17,4% of all patients with bleeding). The most com-
mon tumor associated with recurrent events is lung cancer (20%
of all cases). There is no statistical significance between different
groups of anticoagulant treatment regarding mortality, bleeding,
and recurrence events. The only result with borderline significance
is the difference between patients on parenteral anticoagulants and
those on DOACs regarding recurrent events (p-value = 0,05). It is
also important to note that mortality in our study is very high and is
highest in patients treated with parenteral anticoagulants (71,4%).
The mortality rate in our group treated with UFH is 100%. Treat-
ment of CAT is challenging because it is associated with frequent
complications, including bleeding and recurrent events, despite op-
timal anticoagulation.

The anticoagulant treatment for VTE usually lasts from 3 to 6
months, or until the cancer is considered active. Cancer is defined
as active if it is metastatic or if cancer treatment is ongoing (either
chemotherapy, immunotherapy, targeted therapy, and/or radio-
therapy). Cancer is non-active when it is in remission for more than
6 months [9]. In addition, it is recommended to periodically assess
the bleeding risk and the recurrence risk-for this purpose, we have
used several risk scores, including the HAS bled score, the VTE
bleed risk score, the RIETTE risk score and the Khorana risk score
(results are summarized in Tables 1 and 2).

There are a variety of treatment options, which include VKAs,
unfractionated heparin, LMWH (enoxaparin and dalteparin),
fondaparinux, and several DOACs that are approved for cancer
patients (rivaroxaban, apixaban, and edoxaban), and some ad-
vantages and disadvantages of each of them. In these patients,
anticoagulant therapy should be individualized based on the pa-
tient’s baseline characteristics, the type and stage of cancer, can-
cer treatment and potential drug-drug interactions, bleeding risk,
and also the patient’s preference. The main problems using VKAs
are multiple drug-drug interactions that can reduce or potentiate
their anticoagulant effect, unpredictable GI absorption because of
eventual vomiting and/or diarrhea, and also they require frequent
laboratory monitoring of the coagulation status (especially the INR-
international normalized ratio). The main disadvantage of LMWH
therapy is that it is expensive and requires subcutaneous injections,

which discomforts patients, and that is why adherence is declining
over time. However, it is suitable in case of vomiting and in cases of
severe kidney dysfunction. Recently, DOACs have become the anti-
coagulants of choice for treatment of CAT because they are admin-
istered orally in fixed doses, do not require regular monitoring of
the anticoagulant effect, and have fewer drug-drug interactions [4].

In our cohort of patients, DOACs were preferred, except in cas-
es of contraindications (53,4% of CAT patients received DOACs).
VKAs were only prescribed in four patients who had either pros-
thetic heart valves or severe kidney dysfunction. In patients with
contraindications for oral anticoagulants, a parenteral one was pre-
scribed.

There are some challenging subgroups of patients with CAT in
which the bleeding risk is high and should be periodically assessed.
These are patients with GI and Genitourinary (GU) cancer, those
with GI comorbidities (e.g., gastric or duodenal ulcers, gastritis,
esophagitis or colitis, GI metastases), those with intracranial le-
sions, patients with active or recent major bleeding, those with low
body weight (<60 kg) or thrombocytopenia, and those with severe
kidney dysfunction. Other bleeding risk factors include treatment
with VEGFi (e.g., bevacizumab), Endothelial Growth Factor Recep-
tor Inhibitors (EGFRI, e.g., cetuximab), and ibrutinib [6], or con-
comitant antiplatelet therapy. Patients with brain malignancies are
at both an increased risk of thrombotic complications and a high
risk of brain hemorrhage. Brain tumors have a higher tendency
for spontaneous bleeding, and that is why anticoagulation should
be avoided in these patients [10]. We avoid prescribing DOACs to
patients with brain lesions. For this group of patients, we prefer
parenteral anticoagulants. Sometimes any anticoagulant is contra-
indicated. Thrombocytopenia resulting from malignancy or che-
motherapy is common in patients with cancer. In cases of throm-
bocytopenia, the risk of bleeding is increased, therefore, the use of
dose-adjusted LMWH in patients with a platelet count <50x109/L
should be preferred [11]. Half dose LMWH is preferred in cases of a
platelet count between 25 and 50x109/L. The management of pa-
tients with VTE and a platelet count lower than 25x109/L should
be individualized but anticoagulation is not recommended as long
as thrombocytopenia is not compensated [6]. The average PLT level
in our cohort is 283,85x109/L1.

DOACs should be used very cautiously in patients with GI can-
cer because of the high bleeding risk. According to recent results
from clinical trials, apixaban should be the preferred DOAC in pa-
tients with malignancies of the gastrointestinal system. LMWH are
still preferred for patients with upper or lower GI tumors that are
not surgically removed. Vitamin K antagonists should only be used
for anticoagulation when DOACs and LMWH are unsuitable, for ex-
ample, in patients with mechanical heart valves, moderate or se-
vere mitral stenosis, and in some cases with an eGFR less than 15
ml/min/1,73 m2.
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This data is confirmed in our study because the prevalent tu-
mors associated with bleeding events were tumors of the gastro-
intestinal tract-30,4% (17,4% colon cancer, 8,7% gastric cancer,
and 4,3% esophageal cancer) and tumors of the genitourinary
tract- 39,1% (17,4% gynecologic cancer, 13,04% bladder cancer
and 8,7% kidney cancer). Most of the patients with such tumors
and bleeding events were treated with DOACs. In our group of pa-
tients treated with DOACs, bleeding was predominant in patients
on edoxaban (58,33% of this group had bleeding events). For apix-
aban, bleeding is observed in 18,51%, and for rivaroxaban it is ob-
served in 31,25%. Most of our cases of bleeding were major bleed-
ing (43,5%). Two of our patients with bleeding complications were
treated with VEGFi, one with EGFRi, and one with pemetrexed; all
the rest were treated with anticancer drugs that are not associat-
ed with higher bleeding risk (e.g., 5-fluoracil, platinum-based regi-
mens, taxanes, immune checkpoint inhibitors, cyclin-dependent ki-
nase 4/6 inhibitors, anthracyclines, hormonal therapy, denosumab,
gemcitabine, and ifosfamide).

According to information published in 2022 by Andres Escobar,
the incidence of major bleeding varies from 6.5 to 18% [12].

There are several trials analyzing treatment strategies for CAT
patients. Compared to dalteparin, DOACs reduce the risk of VTE
recurrence, however, they increase the risk of major bleeding.
That is the result of a meta-analysis of four clinical trials compar-
ing factor Xa inhibitors to dalteparin in CAT patients [13]. In the
Hokusai VTE Cancer Trial comparing edoxaban with dalteparin, a
higher incidence of bleeding was observed in patients treated with
edoxaban, but it was predominantly GI bleeding, mainly in patients
with GI malignancies [14]. In the SELECT-D Trial, rivaroxaban was
compared with dalteparin, and the results showed that rivaroxaban
reduced the recurrence rate but also increased the frequency of
bleeding, predominantly GI bleeding [15]. In the ADAM VTE Tri-
al, apixaban compared with dalteparin was associated with lower
rates of bleeding and recurrence of VTE [16]. In the Caravaggio Tri-
al comparing apixaban to dalteparin, it was noticed that the cases of
bleeding and recurrence were similar between the two groups [17].
These results give some predominance to apixaban as a preferred
DOAC in cancer patients because of its relatively safer profile.

Cancer patients are simultaneously at increased risk of both
bleeding and recurrence [18]. DOACs are currently considered to
be an effective and relatively safe option for the treatment of VTE in
patients without contraindications. LMWHs are still the preferred
treatment option for cancer patients with high bleeding risk, such
as those with GI malignancies, those with chemotherapy-induced
thrombocytopenia, requiring frequent dose adjustments, and those
with severe kidney dysfunction, as well as those with brain metas-
tases [19].

Limitations

The limitations of this study are the small number of patients,
the short follow-up period, and the unequal distribution of patients
in the different anticoagulant groups.

Copyright© Veronika Petrusheva

Conclusion

Lung cancer is prevailing among patients with cancer-associat-
ed thrombosis. The most common type of thrombosis in our study
is PE. The presence of metastases is a strong risk factor for CAT
and most patients have metastatic disease. Bleeding complications
occur most frequently in patients with colon cancer. Thrombotic
recurrences are most common in lung cancer. The management of
patients with CAT is challenging. Cancer patients, even those who
do not take anticoagulant therapy, have a high bleeding risk. There
is still no optimal anticoagulant regime suitable for all cases of CAT
with a predictable effect, limiting both recurrence and bleeding
events. There is no statistical significance between different anti-
coagulation regimen groups regarding mortality, bleeding, and re-
currence. DOACs, the most frequently prescribed anticoagulants in
our group, were not associated with increased bleeding, recurrence
events, or mortality compared with parenteral anticoagulants and
VKAs in cancer patients.
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