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Abstract
Venous thromboembolism (VTE) is one of the most dangerous complications of cancer. Oncological treatment,
surgeries and advanced-stage cancer are only some of the risk factors for VTE, which is still one of the most
common causes of death in the population of cancer patients. Differences in the risk of deep-venous throm-
bosis and its complications, including risk of bleeding, between particular oncological patient groups suggests
that there is a need for individual risk assessment and prophylaxis dedicated to specific clinical situations and
patients. Cancer-related thrombosis (CAT) is the second most common cause of death in cancer patients.
In view of the dynamically growing body of evidence on CAT in recent years, there is a need to update the
guidelines for prevention and treatment offered to cancer patients, as evidenced by this document, which is
an update of the guidelines published in 2016. This document contains data published after 2016 and the
most recent indications for prevention and treatment in the population of cancer patients, with particular
emphasis on thromboprophylaxis in those undergoing surgical treatment. Moreover, it was extended to include
indications in patients under |8 years of age. The recommendations for the treatment of cancer-related VTE
and the use of thromboprophylaxis in the population of children with cancer who are scheduled for surgery
were analyzed. The current recommendations confirm the leading role of low-molecular-weight heparins in the
pharmacological prevention of VTE in cancer patients and indicate direct oral anticoagulants as an alternative

to low-molecular-weight heparin in the treatment of CAT patients.
Key words: venous thromboembolism, cancer, surgery, thromboprophylaxis, anticancer therapy
Acta Angiol 2021; 27, 3: 61-112
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Preamble

Cancer patients are a group of patients with a significantly increased risk of both deep vein thrombosis (DVT)
and pulmonary embolism (PE). Cancer-associated thrombosis (CAT) is the second most common cause of death
in cancer patients [|]. Patients with malignant neoplasm are four to seven times more likely to develop venous
thromboembolism (VTE) than patients without cancer, as evidenced by the worldwide increase in CAT cases
[2—4]. It should be emphasized that VTE is one of the few diseases that can be effectively prevented. Educational
publications, such as these guidelines, aim to reduce the incidence of thromboembolic complications in cancer
patients. Therefore, the 2021 guidelines provide information based on up-to-date medical knowledge on the in-
dications and principles of antithrombotic prophylaxis in patients undergoing anticancer treatment, in particular
surgical treatment for neoplastic diseases.

These guidelines for the prophylaxis and treatment of VTE apply to the population of adult and pediatric patients
treated surgically for cancer.

It was assumed that the audience of the guidelines will be the entire medical community involved in the diagnosis
and treatment of cancer.

The authors of this document analyzed the most recent scientific data and current VTE prevention guidelines
published in Poland and other countries, with the focus on recommendations for cancer patients. The 2016 “Ve-
nous thromboembolism prophylaxis in cancer patients — guidelines focus on surgical patients” was adopted as the
basic document [5]. Prophylaxis guidelines were formulated based on medicine-based evidence (EBM) in order to
form a universal document dedicated to cancer patients who remain under supervision of a specialist, as well as
those who are treated by general practitioners. The authors also attempted to adjust these guidelines as much as
possible to the present healthcare system in Poland.

Guidelines represent the standpoint of the authors on most-justified diagnostic and therapeutic procedures;
however, they should be interpreted in the context of each individual clinical situation. These guidelines should not
be treated as mandatory treatment or a standard of care.

Just like other guidelines, they are above all indications aiming to enable and facilitate rational clinical decisions
regarding prophylaxis and treatment of VTE in cancer patients. As stated in the preamble to the previous guidelines,
every effort has been made to update the data in line with published reports and the most recent research results.

Every effort has been made to ensure that the information provided is up-to-date and accurate at the time of
publication. It is the responsibility of the treating physician to determine the best treatment for a given patient. The
authors, editors and publishers shall have no liability for any issues that may arise in connection with the citation
of this position statement.

Poznan, | September 2021

Abbreviations INR — international normalized ratio
HIT — heparin induced thrombocytopenia

aPTT — partial thromboplastin time LMWH — low-molecular-weight heparin
AUA — American Urological Association LDUH — low doses of unfractionated heparin
BMI — body mass index OR — odds ratio
CAT — cancer-associated thrombosis PE — pulmonary embolism
CDT — catheter-directed thrombolysis PCDT — pharmacomechanical catheter-directed
Cl — confidence interval thrombolysis
CNS — central nervous system RCT — randomized controlled trial
CrCl — creatinine clearance RR — risk ratio
DOAC — direct oral anticoagulants SrCr — serum creatinine
DVT — deep venous thrombosis TURP — transurethral resection of the prostate
ECF — electrical calf stimulation UFH — unfractionated heparin
eGFR — estimated glomerular filtration rate VKA — vitamin K antagonist
FDA — Food and Drug Administration VTE — venous thromboembolism

GPS — good practice statement
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Introduction

Aim

These guidelines for the prevention and treatment
of venous thromboembolism (VTE) are aimed to im-
prove patients’ safety by appropriate prevention and
treatment of VTE.

Patient groups to whom the guidelines apply
These guidelines apply to adults and pediatric pa-
tients who are at risk of VTE due to cancer and patients
with cancer-associated thrombosis (CAT), with particu-
lar emphasis on those undergoing surgical procedures.

Target audience

The guidelines are intended for medical profession-
als of all specialties involved in diagnosis and treatment
of the above-mentioned patients, both at the specialist
and primary care level.

Types of interventions included in the guidelines
Recommendations in these guidelines include diag-
nostic tests that can be performed to confirm the diagno-
sis of VTE and pharmacological and non-pharmacological
interventions for VTE prevention and treatment.
Potential barriers to the implementation of the
developed recommendations may be the lack or low
availability of some drugs/procedures in Poland, for
example tinzaparin, catheter-directed thrombolysis
(CDT) or pharmacomechanical venous thrombectomy.

Remarks on using the guidelines

The authors of the guidelines encourage the pro-
motion and implementation of these recommendations
in the management of adult patients at risk of DVT
and PE associated with cancer, patients with CAT.
However, the guidelines should not be treated as a
legally established standard of care for all patients, as
the developed document only contains treatment tips
and suggestions, and the recommendations contained
therein should help doctors make optimal decisions in
their daily practice. Proper care for an individual patient
will always depend on their specific situation, available
and applicable treatment methods and many other
factors; and therapeutic decisions should be made each
time by the attending physician or a therapeutic team
after consultation with the patient or — if necessary
— with the patient’s guardian.

Methods

Composition of the Working Group
The guidelines were updated by a working group
established by Polish experts in the field of VTE pre-

vention and treatment, specialists in vascular surgery,
oncological surgery, urology, thoracic surgery, cardiol-
ogy, angiology, internal diseases, hematology and other
surgical fields dealing with oncological patients.

Working Group meetings

Process for updating guidelines

These guidelines are based on a systematic litera-
ture review of the publications available up to 2016 and
included in the previous guidelines, and an analysis of
the English-language literature published in this area in
2016-2021. The guidelines were developed by a mul-
ti-disciplinary panel of experts with knowledge of medical
research methodology. In order to communicate with
each other, the panelists used tools for on-line meetings
and e-mail correspondence. Based on the analysis of the
evidence, the literature was searched, systematically
reviewed and guidelines developed. A consensus was
reached on the final wording of the recommendations.

Other arrangements were made and discussions
conducted via emails and phone calls.

The full text of the guidelines was approved by all
panelists. Their suggestions were included in the final
version of the recommendations. The members of
the expert panel were responsible for the review and
approval of the penultimate version of the guidelines,
which was then sent for external review and submitted
to the Editorial Board of Acta Angiologica for editorial
review and publication decision.

Overview of the updating process

The update of the guidelines was carried out in
accordance with the guidelines of the ADAPTE Collab-
oration, an interdisciplinary group of experts appointed
by the Guideline International Network [The ADAPTE
Collaboration (2009). The ADAPTE Process: Resource
Toolkit for Guideline Adaptation. Version 2.0] [6]. First,
a list of clinical questions was formulated to which
Polish recommendations were to be answered. The
established range of clinical questions was approved by
all members of the Working Group. Then, guidelines
for the prevention and treatment of patients with CAT
were systematically searched for and reviewed. When
formulating the recommendations, the experts took
into account the guidelines of the American Society
of Hematology [7, 8], European Society for Vascular
Surgery [9], American Society of Clinical Oncology
[10], and International Initiative on Thrombosis and
Cancer [I 1] on prophylaxis, diagnosis and treatment
of venous thromboembolism in cancer patients un-
dergoing surgery.

The information presented as responses to the
questions asked was based on publications on the
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topic of interest, including randomized controlled trials
(RCTs), meta-analyzes and cohort studies, which were
published since 2016. Articles were excluded from the
systematic review if: |) they contained abstracts that
were not later published in peer-reviewed journals; 2)
they were editorials, comments, letters, news articles,
case reports and 3) they were published in a language
other than English.

The updated search followed a “signals” approach
which aims to identify only new data that could poten-
tially change practice — signals that could translate into
revised practice recommendations [ 12]. This approach
relies on a targeted routine search of literature and
expertise by members of the expert panel to help
identify potential signals. The feasibility of implementing
the guidelines was also assessed prior to publication.
Each recommendation is annotated with the type and
strength of the recommendation and the quality of the
evidence assessed using standardized criteria that were
also used in previous 2016 guidelines [5].

Classification of the strength
of recommendations

The strength of a recommendation reflects the
belief of its authors that following the recommendation
will bring more benefits than harm. In these guidelines,
the strength of the recommendations is determined
— depending on the source document — according
to the classifications of the American College of Chest
Physicians, American Heart Association, and European
Society of Cardiology. For each recommendation in-
cluded in the Polish guidelines, the source document
of the guidelines and their strength (in square brack-
ets) are given. One of the source documents did not
specify the strength of the recommendations, so the
authors of the Polish update also did not provide the
strength of the recommendations that were based on
these guidelines. In the absence of existing recommen-
dations answering the clinical question, the Working
Group aimed at formulating the consensus opinion of
the expert team, i.e., good practice statement (GPS)
(Tables 1-3) [13-16].

During the elaboration of this document all the
available references were analyzed and guidelines
were formulated based on definitions according to
the GRADE Working Group (The Grading of Recom-
mendations Assessment Development and Evaluation
Scale). Formulated guidelines were classified as strong
recommendations (I) or weak recommendations (2)
and supported with an additional description refer-
ring to the quality of evidence that they have been
based on [I7-19]. In the case of recommendations
classified as strong, based on the analysis of results of
correctly planned and performed studies, the authors

are convinced that administration of a particular pro-
cedure will bring significant benefits in comparison to
restraining from it (recommendation level | — “recom-
mended”). In case of a weak recommendation (recom-
mendation level 2 — “suggested”) the authors believe
that administration of the suggested procedures may
be more beneficial than restraining from performing it.
However, at this point, there are no high-quality studies
that would determine favorable and unfavorable effects
of a particular procedure — this recommendation
level should be considered as a suggestion for the final
clinical decision.

According to the suggestions specified in GRADE,
guidelines marked with letter (A) are based on reports
sufficient for formulating them and further studies
probably will not elicit any changes.

The letter (B) indicates that further studies could
possibly influence the change of statement due to the
quality of data available at this time.

The letter (C) suggests that due to very low quality
of data available, further studies may elicit significant
changes to the guidelines.

The levels of recommendation importance:

IA — Strong recommendation, high-quality evidence
according to EBM;

IB — Strong recommendation, moderate-quality evi-
dence according to EBM;

| C — Strong recommendation, low- or very low-qual-
ity scientific evidence;

2A — Weak recommendation, high-quality evidence
according to EBM (further studies probably will not
have any significant influence on changes in suggested
treatment method);

2B — Weak recommendation, moderate-quality ev-
idence according to EBM (further studies may have
significant influence on changes in suggested treatment
method);

2C — Weak recommendation, low- or very low-quality
scientific evidence (further studies probably will have
significant influence on changes in suggested treatment
method).

GPS (good practice statement) — in the absence of
existing recommendations, the Working Group sought
information on good practice, which implies the poten-
tial benefit of applying it.

The authors reviewed papers on prophylaxis and
treatment of cancer patients using the MEDLINE da-
tabase from January 2016 to April 2021. The analysis
covered available randomized trials, prospective and
retrospective studies, as well as meta-analyses, system-
atic reviews, and previously published Polish and foreign
guidelines on prevention and treatment of venous
thromboembolism (VTE), including VTE prophylaxis
in cancer patients.
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Table 1. Classification of recommendations and evidence according to the European Society of Cardiology [13]

Class of recommendation  Definition

(Is recommended/is indicated)

I Evidence and/or general agreement that a given treatment or procedure is beneficial, useful, effective

or procedure.

I Conflicting evidence and/or a divergence of opinion about the usefulness/efficacy of the given treatment

A Weight of evidence/opinion is in favor of usefulness/efficacy (Should be considered)

1B Usefulness/efficacy is less well established by evidence/opinion (May be considered)

Level of evidence

Il Evidence or general agreement that the given treatment or procedure is not useful/effective, and in some
cases may be harmful (Is not recommended)

A Data derived from multiple RCTs or meta-analyses
B Data derived from a single RCT or large non-randomized studies
C Consensus of opinion of the experts and/or small studies, retrospective studies, registries

RCT — randomized controlled trial

Table 2. Classification and interpretation of the strength of recommendations according to the American College of Chest Physicians [14, 15]

Grade of recommendation Implications

Strong recommendations (“we recommend”’)

1A Recommendation can apply to most patients in most circumstances. Further research is very unlikely
to change our confidence in the estimate of effect.

IB Recommendation can apply to most patients in most circumstances. Higher-quality research may well have
an important impact on our confidence in the estimate of effect and may change the estimate

Weak recommendations (“we suggest”’)

IC Recommendation can apply to most patients in many circumstances. Higher-quality research is likely to have
an important impact on our confidence in the estimate of effect and may well change the estimate

2A The best action may differ depending on circumstances or patient or societal values. Further research
is very unlikely to change our confidence in the estimate of effect

2B Best action may differ depending on circumstances or patient or societal values. Higher-quality research
may well have an important impact on our confidence in the estimate of effect and may change the estimate.

2C Other alternatives may be equally reasonable. Higher-quality research is likely to have an important impact
on our confidence in the estimate of effect and may well change the estimate

Chapter |. Venous thromboembolism
prophylaxis — general recommendations

This part of the guidelines has been left unchanged,
assuming that the treatment principles described in it have
not changed and are still valid. Only recommendations
were added regarding the education of cancer patients
on thromboembolic complications in neoplastic disease.
Clinical question |. Should the awareness of cancer
care teams and cancer patients be raised about the
risk and treatment of VTE?

Recommendation 1.1
It is recommended to elaborate and implement
guidelines for VTE prophylaxis in every hospital, de-

partment and/or institute, where the cancer patients
at risk of venous thromboembolism are treated and
consulted [1A].

Recommendation 1.2

It is recommended to elaborate guidelines for
VTE prophylaxis on paper or in electronic form, as
a standard procedure for particular health care faci-
lity [1C].

Recommendation 1.3

It is recommended to use anticoagulants for
VTE prophylaxis and treatment according to manu-
facturer guidelines and drug registration documents

[1C].
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Recommendation 1.4

In patients with a high bleeding risk, benefits and
risk of antithrombotic prophylaxis should be evaluated
individually. In clinically justified situations, mechanical
prophylaxis methods should be applied, until bleeding
risk will decrease enabling the administration of phar-
macological prophylaxis [ A].

Recommendation 1.5

In each patient with cancer, it is recommended to
assess the risk of VTE at diagnosis, and then periodically,
especially when systemic anticancer therapy, surgery or
hospitalization is planned [IA].

Recommendation 1.6

It is suggested that cancer patients should be edu-
cated about VTE by oncologists and cancer care team
members, especially during periods of increased risk,
such as major surgery, hospitalization, and when re-
ceiving systemic anticancer therapy [2C].

Comment

Individual risk assessment of venous thromboembolism
is justified considering the unpredictable variety of clinical
situations and different characteristics of the treated pop-
ulations, especially in terms of the type of therapy and risk
factors present in a specific patient group. At the same
time, significant differences between populations of patients
indicate a need for the elaboration of an antithrombotic
prophylaxis protocol dedicated to the particular patient
group in each healthcare facility considering the charac-
teristics of the treated population, as well as administered
therapy. This protocol should contain recommendations
on VTE risk assessment and VTE prophylaxis, as well as
up-to-date registrations of drugs available and used in this
indication. The principles of antithrombotic therapy and
prophylaxis in the healthcare facility should be updated, tak-
ing into account the current guidelines, as well as individual
risk assessment for VTE risk, treatment-related bleeding
and potential complications in a specific group of patients.

Chapter 2. The prevention of venous
thromboembolism in cancer patients
treated surgically

Clinical question 2. Should cancer patients under-
going elective surgery be given anticoagulation
prophylaxis?

Recommendation 2.1

The VTE risk as well as the risk of hemorrhagic
complications should be individually assessed in each
patient undergoing cancer surgery [1A].

Recommendation 2.2

All patients undergoing extensive oncological sur-
geries in the abdomen and pelvis should receive VTE
prophylaxis with prophylactic doses of LMWH or low
doses of unfractionated heparin, if there are no con-
traindications, including active bleeding or high risk of
bleeding events [ A].

Recommendation 2.3
It is suggested that pharmacological prophylaxis
should be started (2 to 12 hours) before the surgery [2B].

Recommendation 2.4

It is suggested that in cancer patients qualified
for surgery, who are at high or very high risk of VTE,
pharmacological prevention should be supported with
mechanical methods, most preferably intermittent
pneumatic compression [2B].

Recommendation 2.5

It is not recommended to use mechanical methods
as the only prevention for thromboembolism (without
pharmacotherapy) in surgical cancer patients, who are
not at higher risk of bleeding [1B].

Recommendation 2.6

In surgical patients at high risk of serious bleeding
complications or in patients with contraindications for
pharmacological prophylaxis due to active bleeding or
a high risk of bleeding relapse, mechanical prophylaxis
should be considered (most preferably intermittent
pneumatic compression), at least until the bleeding
risk decreases and pharmacological prophylaxis is
possible [2C].

Recommendation 2.7

In patients undergoing (open or laparoscopic)
cancer surgery, it is recommended to continue throm-
boprophylaxis for at least 7-10 days [IA]. In patients
undergoing major abdominal and/or pelvic oncological
surgery, who are not at high risk of serious bleeding
complications, and who have thrombosis risk factors
such as prolonged immobilization, obesity, a history of
VTE or other, an extended-duration pharmacological
prophylaxis (4 weeks) with LMWH is recommended
[IA]. In other cases, it is suggested that an individual
decision be made whether to extend the prophylaxis or
not, based on the assessment of the relevant benefits
and risks [2C].

Recommendation 2.8
In surgical patients with cancer disease, at high
risk of thromboembolic complications insertion of an
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inferior vena cava filter is not recommended as primary
thromboprophylaxis [ A].

In the natural history of neoplastic disease, hemo-
static disorders often occur, leading to the activation
of the coagulation system and, consequently, VTE [20].
At the same time, however, anticancer treatment, es-
pecially surgical procedures, may additionally increase
the risk of this complication [20-26]. Surgery affects
the risk of thrombosis through multiple factors: tissue
trauma due to surgical procedures, periprocedural
immobilization, blood and plasma substitution, positive
pressure ventilation, potential foci of inflammation or
intravenous catheters [24, 27-32].

The best known risk factor for VTE in cancer pa-
tients is surgery, and the risk associated with surgical
procedures in this group of patients is estimated to be
3-5 times higher compared to patients without diag-
nosed malignancy [27, 28, 33-37]. The risk factors of
CAT are summarized in Table 4 [24, 37]. The majority of
cancer patients qualified for surgical treatment for on-
cological indications should be considered a population
at high and very high risk of developing postoperative
DVT and/or pulmonary embolism [21, 24, 25]. This
increased risk is reflected, inter alia, in the increasingly
used Caprini scale, a tool for assessing perioperative
VTE risk, in which the presence of cancer is scored 2
points (Table 5). [25, 39-41].

While evaluating VTE risk in patients scheduled
for surgery, it is obligatory to take into account the
presence of other factors, especially those related to
comorbidities and clinical situations that increase the
risk of VTE (obesity, prolonged immobilization, varicose
veins, hormone therapy, previous stroke resulting in
paralysis, history of VTE episode and other) [24, 25, 42].
Medical diseases such as exacerbation of chronic
heart failure or inflammatory bowel disease are also
considered important risk factors of VTE [24, 25, 43].
One should also keep in mind other potential risk
factors, such as postsurgical infection — the presence
of an intra-abdominal abscess or other infection of the
surgical site following colorectal surgery or other acute
infection may increase the risk of VTE [25, 36, 44-45].
Merkow et al. [46] analyzed a population of almost
45,000 cancer patients (9 types of cancers) in order
to determine the incidence of postoperative DVT. In
33.4% of cases, VTE occurred occur not immediately
after surgery, but after discharge from the hospital. The
percentage of CAT patients varied depending on the
type of cancer treated. Factors significantly influencing
the occurrence of thrombotic complications in this
group of patients were age 65 years or more, presence
of metastases, high body mass index (BMI), platelet
count over 400,000/uL, albumin level <3 g/dL and
duration of the procedure being over 2 hours. Post-

operative VTE occurred mainly in patients who under-
went gastrointestinal, lung and ovarian/uterine proce-
dures, and the occurrence of CAT was associated with a
six-fold higher mortality [46]. In another study analyzing
the population of patients after “major” cancer surgery
involving the abdominal cavity and pelvis, 4.05% of
symptomatic VTE cases were identified up to 90 days
after surgery, of which 47.5% were diagnosed after
discharge from hospital [47]. It should be noted that the
increased risk of postoperative thrombotic complica-
tions may be influenced by previous anticancer therapy,
including preoperative chemo- and radiotherapy [48].

However, not only cancer surgery in the abdominal,
pelvic and thoracic areas is linked to the risk of thrombosis.
Reports on the occurrence of VTE episodes also concern
cancer surgery procedures in the neck and head region,
including maxillofacial surgery or commonly performed
surgical procedures for breast cancer [49-54]. The risk of
symptomatic VTE in the population of patients after breast
cancer surgery ranges from 0.12-0.5 [52-54].

The effectiveness of low doses of unfractionated
heparin (LDUH) in the prophylaxis of VTE in high-risk
surgical patients has been well documented. Howev-
er, in everyday clinical practice, for various reasons,
this method of prophylaxis is less and less important
compared with the use of LMWH; and it should be
noted that both methods show high and comparable
effectiveness [55-66].

In cancer surgery, pharmacological thromboprophy-
laxis with the use of LMWH or UFH (according to
approved indications and studies performed) should be
started before the surgery [21, 22, 62, 64]. This is anim-
portant difference to general non-cancer surgery. There
is still insufficient evidence to support fondaparinux as
an alternative to LMWH in postoperative prophylaxis
of VTE in cancer patients [I I].

The authors of these guidelines believe that it is
crucial to adhere to the registration documents of
specific drugs and use them in accordance with the
manufacturer’s instructions. Some of the products
containing LMWH have a range of different prophylactic
dosage options for the moderate and high risk surgical
patients; however, there are suggestions supported by
research that higher doses should be used in high- and
very-high-risk cancer patients. In a study of 1.375 pa-
tients, of whom 70% were patients with cancer, two
prophylactic doses of dalteparin (2500 U and 5000 U)
were used. The dose of 5000 U was more effective in
preventing postoperative VTE than the 2500 U dose
(postoperative VTE of 8.5% vs. 14.9%; p < 0.001) [67].
Table 6 lists the drugs used in perioperative prophylaxis
in cancer patients.

Very few RCTs have been published comparing the
efficacy of the different LMWHs in perioperative proph-
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Table 4. Risk factors of venous thromboembolism, taking into account the specificity of the population of oncological patients [adapted from 37]

Category Risk factor

Risk factors depending on the patient Age (> 40 years)
and comorbidities Positive family history
Obesity

lower limbs)

Sepsis
Acute infection

Autoimmune diseases
Nephrotic syndrome

Varicose veins

Thrombophilia

Injuries (especially multi-organ injuries, fractures of the pelvis, fractures of the long bones of the

Stroke with paralysis, paresis or restricted mobility

Heart failure class Ill and IV according to the New York Heart Association
History of myocardial infarction
Respiratory failure (especially worsening)

Myeloproliferative neoplasms
Nocturnal paroxysmal hemoglobinuria
Pressure on the venous vessels
Pregnancy or postpartum

Previous episode of venous thromboembolism

Prolonged immobilization (in hospital, at home or during travel)
Antiphospholipid syndrome

Risk factors depend on the type Location of the tumor
and stage of the cancer

Histological type

Cancer stage (the higher the stage, the greater the risk)

Time from diagnosis (increased risk in the first 1-6 months and in advanced neoplasms)

Risk factors dependent on therapy Surgical treatment
Chemotherapy

modulators
Radiotherapy

Central lines or ports

Anemia (Hb < 100 g/L)

Prolonged postoperative immobilization

Hormone therapy, hormone replacement therapy, treatment with selective estrogen receptor
Transfusion of concentrated red blood cells or plasma

Use of erythropoiesis stimulating factors

Use of angiogenesis inhibitors

Leukocytosis (> |1 x 107L)

ylaxis in cancer patients. In the SAVE-ABDO study,
in which more than 80% of the 4,414 patients were
those who underwent major surgery in the abdominal
area due to cancer, the patients were randomized
to the groups receiving enoxaparin or semuloparin
(the beginning of prophylaxis in both groups before
the procedure). Endpoints, defined in this study as an
episode of VTE or death, occurred in 5.5% of patients
receiving enoxaparin and in 6.3% of those receiving
semuloparin (OR I.16; 95% ClI, 0.84-1.59), with a
smaller percentage of bleeding complications in the
group receiving semuloparin [68]. In a study comparing
the efficacy of nadroparin and enoxaparin at prophy-
lactic doses (nadroparin 2850 anti-Xa units, enoxaparin
4000 anti-Xa units) in surgical patients with colorectal

cancer, symptomatic or asymptomatic DVT or pulmo-
nary embolism occurring up to |2 days of observation
was diagnosed respectively in 15.9% and 12.6% of
those patients (RR 1.27; 95% C1 0.93 to 1.74, p = NS)
with fewer major bleeding complications in the group
treated with nadroparin (7.3% vs. 11.5%; p < 0.05).
However, when considering the methodology of this
study, it should be noted that the time of administration
of enoxaparin 40 mg was inconsistent with approved
drug labeling (2 hours before the procedure instead of
the currently recommended 12 hours) [69]. A study
comparing dalteparin at a dose of 5,000 anti-Xa units
with fondaparinux 2.5 mg once daily for 5-9 days
showed comparable benefit/risk ratios for both drugs
used for prophylaxis in patients undergoing general
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Table 5. Modified Caprini scale to assess the risk of thromboembolic complications in surgical patients [From 24]

| point 2 points

Age 41-60 years Age 61-74 years
Minor surgery Arthroscopic surgery
BMI > 25 kg/m2 Major open surgery
Swollen legs (>45 minutes)
Varicose veins Laparoscopic surgery
Pregnancy or postpartum (>45 minutes)
History of unexplained or Malignancy

recurrent spontaneous abortion
Oral contraceptives

or hormone replacement
Sepsis (< | month)

Serious lung disease, including
pneumonia (< | month)
Abnormal pulmonary function
Acute myocardial infarction
Exacerbation or diagnosis of
heart failure (< | month)
History of inflammatory bowel
disease

Medical patient at bed rest
Acute spinal cord injury

(< 1 month)

Confined to bed (>72 hours)
Immobilizing plaster cast
Central venous access

3 points 5 points

Age > 75 years Stroke (< | month)
History of VTE Elective arthroplasty
Family history of VTE Hip, pelvis or leg fracture
Factor V Leiden Acute spinal cord injury
Prothrombin gene 20210A (<1 month)

mutation

Lupus anticoagulant
Anticardiolipin antibodies
Anti-beta 2-glycoprotein |
antibodies

Elevated serum homocysteine
Heparin-induced
thrombocytopenia

Other congenital or acquired
thrombophilia

BMI — body mass index; VTE — venous thromboembolism

Score: 0 points — very low risk; 1-2 points — low risk; 3—4 points — moderate risk; > 5 points — high risk

surgical procedures [70]. In the case of fondaparinux,
however, there is still a lack of prospective, randomized
studies dedicated specifically to the population of cancer
patients — in the previous studies, they represented
only a small portion of the population studied [70, 71].
Data on the effectiveness of thromboprophylaxis in
laparoscopic procedures in cancer patients are limit-
ed [72-74]. Xie et al. [74] in their meta-analysis of 9
randomized clinical trials conducted on 2,606 cases
of colorectal cancer, who underwent surgery, did not
find any difference in DVT incidence between patients
treated with open or laparoscopic surgery.

Factors related to laparoscopic surgery that increase
the risk of thromboembolic complications include lapa-
roscopic pelvic surgery, as well as long duration of the
surgery (above one hour) [75]. In addition, the presence
of cancer, anticancer therapies and other VTE risk factor
should be taken into consideration [22, 24, 75].

Due to the limited number of studies on the best
method and timespan of thromboprophylaxis in patients
undergoing laparoscopic oncological surgery, thus far
it is only possible to extend the guidelines referring to
the open surgeries. The benefits of prolonged thrombo-
prophylaxis at least in some patients undergoing laparo-
scopic surgery for oncological reasons are confirmed by
the study by Vedovati et al. [76], which included 225 pa-
tients undergoing laparoscopic colorectal surgery. The

patients were randomly assigned to the group receiving
pharmacological thromboprophylaxis for 8 + 2 days
or to the group where prophylaxis was prolonged to 4
weeks. The effectiveness of the prophylaxis was verified
by venous ultrasound imaging of the lower extremities.
No statistically significant differences were found in
the incidence of bleeding complications between the
groups. However, prolongation of antithrombotic
prophylaxis up to 4 weeks significantrly decreased the
DVT rate detected by the means of ultrasound (9.7%
in the short-term prophylaxis group vs. 0% in the
group of patients receiving extended prophylaxis) [76].
The results of the studies by Vedovati et al. and two
meta-analyzes: Fagarasanu et al. [77] and Felder et al.
[78] point out that the reduction of VTE events with
prolonged prophylaxis was not associated with an in-
crease in the number of bleeding complications. An ad-
ditional argument for extending pharmacoprophylaxis,
especially in patients with colorectal and genitourinary
cancers, as well as in those undergoing radiotherapy,
is the fact that 54% of patients had thromboembolic
complications after discharge from the hospital, many
weeks after surgery [79].

The efficacy and safety of prolonged thrombo-
prophylaxis has been confirmed in cancer patients
undergoing major (open or laparoscopic) abdominal
and pelvic surgeries.
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Table 6. Perioperative thromboprophylaxis dosing in cancer patients

Drug Prophylactic doses

Dalteparin

OR

Enoxaparin

5000 IU subcutaneously in the evening before the procedure. After the procedure, administer
5,000 IU subcutaneously every evening

initiation of drug administration on the day of surgery: 2,500 IU subcutaneously within 2 hours
before surgery and 2,500 IU subcutaneously 8 to 12 hours later, but not earlier than 4 hours
after the end of the procedure. Postoperatively, starting from the day after surgery, administer
5,000 IU subcutaneously every morning

40 mg subcutaneously once daily, first dose 12 hours before surgery

Nadroparin
before surgery

0.3 ml (2850 IU anti-Xa) once daily for at least 7 days. The first dose should be given 2 to 4 hours

Fondaparinux

recommended

In oncology, 2.5 mg once daily subcutaneously; give the first dose 6 hours after surgery, provided
that hemostasis is preserved. Treatment should be continued until the risk of VTE is reduced,
usually for 5-9 days (until the patient is able to walk). In postoperative patients after hip frac-
ture, the risk usually lasts more than 9 days and an additional 24-day extension treatment is

Since 2016, four new meta-analyzes have been pub-
lished confirming the benefits of prolonged prophylaxis
after oncological procedures [77, 78, 80, 81]. The first
one assessed the administration of prophylactic doses of
heparins for a period of 2—6 weeks after surgery, which
significantly reduced the risk of any VTE events (2.6%
vs. 5.6%, RR 0.44, 95% Cl 0.28- 0.70) and proximal
deep vein thrombosis (1.4% vs. 2.8%, RR 0.46, 0.23—
0.91), but it had no effect on asymptomatic pulmonary
embolism (0.8% vs. 1.3%, RR 0.56, 0.23-1.40) [77].
This treatment was not associated with an increase in
the incidence of major bleeding (1.8% vs. 1.0%, RR
1.19,0.47-2.97). In the second meta-analysis, extended
thromboprophylaxis was associated with a significant
reduction in the incidence of deep vein thrombosis (RR
0.57,95% Cl 0.39-0.83), without a significant increase
in bleeding (RR 1.48, 0.78-2.8) [80]. Another meta-anal-
ysis showed that extended prophylaxis significantly
reduced the risk of all VTE events (OR 0.38, 95% CI
0.26-0.54), all reported cases of deep vein thrombosis
(OR 0.39, 95% CI 0.27-0.55) and proximal deep vein
thrombosis (0.22, 0.10-0.47), with a non-significant
reduction in symptomatic VTE (0.30, 0.08-1.11)and a
non-significant increase in major bleeding (1.10, 0.67-
1.81) [78]. The fourth meta-analysis [81] provided data
confirming the results published by Felder et al. [78].

Three other observational studies (two prospective
and one retrospective) have demonstrated a beneficial
effect of prolonged thromboprophylaxis after radical
cystectomy and liver resection [82-84]. The above
observational studies and meta-analyzes published
after 2016 confirm data from previous studies cited
in the 2016 document. In two RCTs: ENOXACAN Il

— extended-duration thromboprophylaxis after ab-
dominal or pelvic cancer surgery, and FAME — pro-
longed thromboprophylaxis after major abdominal and
pelvic procedures, the use of 4-week antithrombotic
prophylaxis with LMWH proved to be effective in
reducing the incidence of VTE compared with the
standard duration of prophylaxis, without increasing the
rate of bleeding complications [85, 86]. Based on the
data from the RIETE registry (Registro Informatizado
Enfermedad ThromboEmbolica), Bustos Merlo et al.
[79] showed that in patients after surgical treatment
of colon and genitourinary cancers, in more than 50%
of the patients thromboembolic complications were
detected after discharge from hospital. Therefore, it
can now be assumed that there is strong evidence to
extend the duration of anticoagulation prophylaxis to 4
weeks after oncological surgery, provided that patients
are not at high risk of bleeding.

Early and aggressive mobilization of the patient after
surgery is currently the standard of perioperative care.
Often other mechanical methods of thromboprophy-
laxis are also used. A number of already completed
studies related to surgically treated patients highlight
the beneficial effects of mechanical prophylaxis meth-
ods on the reduction of VTE incidence in this group of
patients [23]. Most of them, however, relate only to
mixed groups of patients, in terms of risk as well as in
terms of indications for surgery. Reports dedicated to
homogenous groups of cancer patients are very limited
[70, 87-91]. There seems to be no reason at present
to amend the recommendations on mechanical meth-
ods of thromboprophylaxis. It is emphasized that they
should not be used as the only method in patients at
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high risk of VTE, unless the patient has a high risk of
bleeding complications, which is a contraindication to
pharmacological prophylaxis [20, 21, 23, 24]. On the
other hand, concomitant prophylaxis with mechanical
methodes, in particular intermittent pneumatic compres-
sion (IPC), may have a beneficial additive effect on the
reduction of thrombotic events in patients with a high
and very high risk of VTE qualified for surgery [20, 21,
23, 24]. In a meta-analysis, the results of 25 prospective
randomized clinical trials concerning the combined DVT
prophylaxis based on anticoagulation and mechanical
methods were compared with VTE prevention regi-
mens using only one method of prophylaxis in surgical
patients [92]. Based on this report, pharmacological
prophylaxis with mechanical methods together resulted
in 49% DVT risk reduction. The pharmacological VTE
prophylaxis added to mechanical methods led to the
44% DVT risk decrease; however, a significant increase
in the bleeding rate was observed (RR = 1.74, 95% ClI:
1.29-2.34) [92].

In the last 5 years, there has been only one RCT
assessing the clinical efficacy of mechanical antithrom-
botic prophylaxis in 682 cancer patients [93]. Patients
who used only intermittent pneumatic compression
had a higher risk of VTE compared with patients who
received a combination treatment with intermittent
pneumatic compression and LMWH (3.6% in the group
with intermittent pneumatic compression only vs.
0.6% in the group with intermittent compression plus
LMWH, p = 0.008), although the risk of bleeding was
higher in the LMWH group (1.2% vs. 9.1%, p <0.001).
Two small RCTs of 30 patients and 90 patients found
no benefit of adding LMWH to mechanical prophylaxis
[94, 95]

Compared with the 2016 guidelines, the recom-
mendations regarding the use of mechanical methods
of prophylaxis have not been changed and their use
as monotherapy is not recommended, except when
pharmacological methods are contraindicated.

Chapter 3. Specific guidelines regarding
cancer patients in selected surgical fields

3.1. General remarks on data published
after 2016

Guidelines presented in Chapter 2 are dedicated
to oncological surgical patients and contain the rules of
prophylaxis in oncological surgery. For practical imple-
mentation of the proposed guidelines, it is necessary
to take into account the characteristics of the treated
patient population and the differences arising from the
different bleeding risk as well as the type of procedures
performed. The authors of these updated guidelines,
taking into account the literature review and recom-

mendations included in the previous version of the
guidelines from 2016, decided to omit from the present
document detailed recommendations for all surgical
specialties treating cancer patients (they are available
to readers in the original version of the document).

Lung cancer is associated with a high risk of throm-
boembolic complications. Patients undergoing major
thoracic surgery because of cancer (including extensive
lung resection, pneumonectomy, resection of the lung
and pleura, or esophageal oncological resection) should
be classified as at high risk of VTE [23, 96-99].

After 2016, two new meta-analyzes were published
confirming that in patients with lung cancer, LMWH
prophylaxis reduces the risk of VTE, but at the cost
of an increase in bleeding [100, 101]. The results of a
cohort study by Hachey et al. [102] in a population of
surgically treated lung cancer patients confirmed the
usefulness of the modified Caprini scale for assess-
ing VTE risk in selecting patients who would benefit
from extended prophylaxis. A later published study
by Sterbling et al. [103] confirmed this conclusion and
additionally showed that the therapy is safe and does
not increase the bleeding rate in cancer patients after
thoracic surgery.

A meta-analysis of pancreatic cancer patients
showed a significant benefit from antithrombotic
prophylaxis, i.e., a marked reduction in VTE incidents
(RR 0.18, 95% CI 0.08-0.40), without a significant
increase in the bleeding rate [104].

Taking into account, as mentioned above, the infor-
mation contained in the previous guidelines, the authors
of the current update also concluded that the two
surgical specialties should be discussed more broadly,
due to their distinctiveness in the context of bleeding
complications or a high risk of VTE, i.e., neurosurgery
and urology.

3.2. Antithrombotic prophylaxis
in neurosurgical cancer patients

Studies of limited quality on antithrombotic prophy-
laxis in the field of cancer neurosurgery indicate that the
risk for VTE is high when no prophylaxis is administered
in this group of patients [105-107].

Available studies on thrombosis prophylaxis in neu-
rosurgery suggest the possibility to reduce the VTE risk
effectively by the means of mechanical methods, as well
as pharmacological prophylaxis [105-107]. However,
most of these reports apply to the patients operated not
only due to cancer. Prospective trials on effectiveness
and safety of thrombosis prophylaxis in the oncological
patient population undergoing neurosurgery are still
very rare [105].

According to the literature, VTE risk in patients
suffering from malignant glioma is exceptionally high
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in subjects who underwent craniotomy and surgical
treatment, ranging from 21 to 32%, whereas deep ve-
nous thrombosis occurs in 3—25% of cases [108-1 14].

Most studies focusing on thrombosis prophylaxis
analyze heterogeneous groups of neurosurgical pa-
tients, among whom only some suffered from a malig-
nant tumor of the central nervous system. The report
based on the analysis of 2,000 neurosurgical patients
estimated the average risk of symptomatic VTE within
30 days of follow-up at 3.9%. However, the risk was
significantly higher in patients, who underwent crani-
otomy due to a primary brain tumor (7.5%) or brain
metastases 19%. In this study 67% of the patients
received antithrombotic prophylaxis [ 15].

Kimmel and Walter [I 16] specified the following
VTE risk factors in patients undergoing craniotomy
(in their study 56% of 3,098 patients underwent cra-
niotomy due to malignancy): poor functional perfor-
mance, age > 60 years, surgery duration > 4 hours,
and postoperative complications such as: pneumonia,
cerebrovascular events, sepsis, septic shock, unplanned
and/or prolonged intubation [ 1 16].

Administration of appropriate prophylaxis for VTE
prevention in neurosurgical patients, including those
who were operated because of a tumor, requires an
individual bleeding risk assessment in the context of
disease etiology, projected surgery, and particular VTE
prevention method. Postoperative intracranial bleeding
requires further consideration. The review of 20 studies
performed on 31,000 craniotomy patients who did not
receive VTE prophylaxis suggests that the risk of intrac-
ranial bleeding amounts on average to |.1%; however,
however, the differences were significant depending,
inter alia, on the indications for surgery [106].

Application of mechanical methods of VTE proph-
ylaxis in neurosurgical patients is a focus of interest,
especially for procedures having a high bleeding risk, in-
cluding neurosurgical oncological procedures [23, 105,
106]. Apart from early patient mobilization, which is
not always possible, mechanical methods of prophylaxis
available for this group include intermittent pneumatic
compression (IPC), graduated compression stocking,
and electric calf muscle stimulation. In two trials, the
effectiveness of IPC was compared with controls who
did not receive any prophylaxis. The studies proved that
IPC is beneficial for neurosurgical patients [117, 118].

Graduated compression stockings are usually more
commonly used for VTE mechanical prophylaxis than
IPC because of many reasons, including economic
ones. However, data regarding their effectiveness,
when used as a single prevention method in patients
undergoing oncological neurosurgical procedures, are
limited and controversial. Bucci et al. [ 19] in a study
involving a small group of neurosurgical patients, among

whom 56% suffered from brain tumors, did not find
any significant difference in the incidence of sympto-
matic deep venous thrombosis between patients using
intermittent pneumatic compression and those using
gradated compression stockings. Angelli et al. [120]
conducted a study comparing outcomes of graduated
compression stockings used along with enoxaparin and
graduated compression stockings used with placebo. In
the arm of the study where only compression stockings
were used, the thrombosis incidence amounted to
33% (evaluation based on phlebography) [120]. In this
trial, opposed to the previous one, patients with brain
or spinal cord tumors constituted 97% of analyzed
population. The study conducted by Turpie etal. [121]
on the incidence of asymptomatic deep venous throm-
bosis also confirmed that differences in characteristics
and risk rates between analyzed neurosurgical patient
populations are significant. Deep venous thrombosis
was diagnosed in 8.75% of patients using graduated
compression stockings (in patients without prophylaxis
the incidence amounted to 20%). However, only 48%
of patients in this study were operated due to a brain
tumor (and only some patients suffered from malignant
brain tumors). Although this study revealed a decrease
in VTE incidence, when graduated compression stock-
ings as well as complex prophylaxis with graduated
compression stockings combined with intermittent
pneumatic compression were used, there was no
statistically significant difference between groups, in
which mechanical prophylaxis was applied. Therefore,
further studies are required in order to evaluate the
role and efficacy of graduated compression stockings
in neurosurgical patients and to directly compare the
effectiveness of IPC with graduated compression
stocking application [121]. In the study conducted by
Wautrecht et al. [122] on a small group, none of the
I8 neurosurgical patients (100% of enrolled subjects
suffered from a brain tumor), who received intermittent
pneumatic compression combined with compression
stockings developed DVT, whereas 2 of 5 patients,
who used compression stockings only, developed deep
venous thrombosis [122].

Recently, there is increased interest in other meth-
ods of mechanical prophylaxis such as electrical calf
stimulation (ECF). The study conducted in order to as-
sess the effectiveness of ECF in high-risk neurosurgical
patients found that deep venous thrombosis incidence
dropped from 18.7% to 4%, including proximal deep
vein thrombosis rate decrease from 8% to 2.7%, and
symptomatic DVT reduction from 2.7% to 0% [123].

Pharmacological prophylaxis in patients at a high
and very high risk of VTE, especially those combining
pharmacological prophylaxis with mechanical methods,
potentially reduces the thromboembolic complication
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incidence in other medical fields [23]. Due to character-
istics of neurosurgical patients operated for oncological
indications and a potential neurosurgery- as well as
pharmacological prophylaxis-related bleeding risk, this
subject requires further studies also in the field of the
cancer neurosurgical treatment. Meta-analysis of 4 ran-
domized controlled clinical trials on pharmacological
prophylaxis for thrombosis prevention in neurosurgery
(three of them involving antithrombotic prophylaxis
with LMWH and one of them LDUH, with or without
mechanical prophylaxis methods, proved that DVT
incidence decreased from 29% in controls to 16.1%
in patients, who received pharmacological prophylaxis
(proximal DVT incidence decreased from 12.5 % to
6.25%). Regarding the hemorrhagic complications at
the time, the risk of “major” bleedings increased from
2.5% to 3.1%, and the overall bleeding incidence in-
creased from 2.9% to 5.9% [124].

The timing of the antithrombotic pharmacological
prophylaxis administration plays an important role in
neurosurgical patients. Due to the fact that most of the
intracranial bleedings in neurosurgical patients occur
within the first 12-24 hours after craniotomy, and half
of thromboembolic events occur later (after the first
week after surgery), in patients at a high risk of VTE,
it is justified to start VTE pharmacological prophylaxis
postoperatively (after obtaining proper hemostasis)
[113, 125].

Dickinson et al. [126] conducted a study on pa-
tients with brain tumors and attempted to compare
effectiveness of antithrombotic prophylaxis in 3 groups
of patients, who received intermittent pneumatic com-
pression, LMWH (enoxaparin) and combination therapy
with two of the aforementioned methods. In this study,
LMWH was administered before surgery. The trial was
discontinued due to a high bleeding rate in patients in
whom pharmacological prophylaxis was administered
before surgery (the hemorrhagic events occurred
mostly in an early postoperative period and 3 patients
required surgical reintervention). The authors suggest
that patients receiving low-molecular-weight heparin
should undergo intracranial procedures no sooner than
after an appropriate time after the last dose of LMWH.
Agnelli et al. [120] and Nurmohamed et al. [127] eval-
uated effectiveness and safety of LMWH at prophylac-
tic dose administered within the first 24 hours after
surgery (LMWH + graduated compression stockings
vs. LMWH). In the first trial, DVT and proximal DVT
incidence amounted to 33% and 13% respectively in
the group of patients, who used only graduated com-
pression stockings in comparison with 17% and 5% in
the group, who received combined prophylaxis [168].
In the second trial, the incidence amounted to 26% and
12% respectively in patients using only compression,

and 19% and 7% for combination of mechanical and
pharmacological prophylaxis (with LMWH prophylaxis
started postoperatively).

Also in phlebography based studies, a decrease in
the incidence of proximal deep venous thrombosis
from 28.9% to 17.9% was observed in patients, who
received combination prophylaxis (along with a de-
crease in proximal DVT rate from 12% to 5.7%, and an
increase in incidence of “major” bleeding complications
from 2.0% in patients receiving graduated compression
to 3.4% in patients, who additionally received LMWH)
[120, 127].

Effectiveness and safety of unfractionated heparin
administered at low doses for pharmacological proph-
ylaxis in neurosurgical patients, including a substantial
number of patients operated for a brain tumor, was also
assessed. Unfortunately, the outcomes of these studies
also raise doubts regarding especially the characteristics
of the treated population. Cerrato et al. [128] analyzed
the effect of antithrombotic prophylaxis with low doses
of unfractionated heparin (prophylaxis began before
surgery) in a group of patients, 87% of whom were
suffering from a brain tumor, and discovered a decrease
in incidence of asymptomatic VTE from 34% to 6%.
Constantini et al. [129] using a similar VTE prophylaxis
algorithm did not observe “major” bleedings; however,
at the same time did not report a decrease in incidence
of symptomatic DVT compared with placebo. Two
other studies comparing prophylactic administration
of LMWH and LDUH combined with mechanical
prophylaxis (63-93% of patients in this group suffered
from a brain tumor) did not find significant differences
in incidence of “major” bleedings between the groups
[130, 131].

The analysis performed by Collen et al. [106] on |8
randomized clinical trials and 12 prospective trials on
application of IPC, LMWH and low-dose unfractionated
heparin for thromboembolism prevention in neurosur-
gery confirms the effectiveness of both methods (me-
chanical prophylaxis — IPC and pharmacological proph-
ylaxis — LMWH). Application of LMWH, as well as IPC,
decreased the risk of DVT simultaneously increasing the
risk of minor bleedings and increasing the incidence of
the composite end-point defined as “minor” bleeding
and intracranial bleeding events in the group of patients
treated with LMWH [106]. Meta-analysis conducted
by Hamilton et al. [107] that compared results of VTE
prophylaxis in | 170 patients (6 randomized clinical trials
on low dose unfractionated heparin or low-molecu-
lar-weight heparin administration in comparison with
the controls not receiving pharmacological prophylax-
is), who underwent neurosurgical operations within
the skull, confirmed that prophylactic heparin doses
reduce DVT incidence and, at the same time, increase
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the risk of intracranial bleeding. Based on this analysis,
pharmacological prophylaxis used in 1,000 patients who
undergo craniotomy will potentially prevent 91 venous
thromboembolism events (including 35 proximal deep
venous thrombosis or pulmonary embolism cases), and
at the same time will put 7 patients at risk of intracranial
bleeding, and 28 patients at risk of “minor” bleeding
complications [107]. Perioperative use of LMWH may
be associated with little or no difference in mortality
compared with UFH (RR 0.34; 95% CI, 0.04-3.21).
The use of LMWH results in little or no difference in
symptomatic PE (RR, 0.20; 95% Cl, 0.01-4.03) [132].

The systematic literature review by Salmaggi et al.
[105] based on the treatment results of 1932 patients,
from which 1,558 were operated for a brain tumor
should be also mentioned in the context of these
guidelines. The authors concluded that administration
of mechanical prophylaxis before surgery and its con-
tinuation until discharge reduce the incidence of VTE
without an increase in bleeding risk. Administration of
pharmacological prevention with LMWH further re-
duces VTE incidence and increases the risk for “major”
bleeding complications. Due to significant heterogeneity
of analyzed populations, various prophylaxis regimens
used as well as the differences in bleeding complication
risk related to the type of procedure performed, there
is a need for further research in order to define an
optimal antithrombotic prevention method in patients
undergoing neurosurgical oncological procedures.

The American Society of Hematology (ASH) guide-
line panel advises against the use of pharmacoprophy-
laxis in patients undergoing major neurosurgery (Condi-
tional recommendation based on very weak evidence).
Pharmacological prophylaxis may be justified in a
higher-risk subset of patients, such as those who are
post-operatively immobilized for long periods. More-
over, this type of VTE prevention can be considered in
patients undergoing major neurosurgical procedures
who are at low risk of major bleeding [7].

Recommendation 3.2.1

The risks of venous thromboembolism and bleeding
complications should be assessed individually for each
patient undergoing neurosurgical oncological proce-
dures [1A].

Recommendation 3.2.2

Due to potential bleeding risk, patients undergoing
intracranial oncological neurosurgery should receive
mechanical prophylaxis for prevention of venous
thromboembolism, most preferably by the means of
intermittent pneumatic compression, in the perioper-
ative and postoperative period [2C].

Recommendation 3.2.3

In patients undergoing intracranial oncological neu-
rosurgery related to high or very high risk of venous
thromboembolism, who are not at high risk of bleeding,
in the postoperative period the pharmacological throm-
boprophylaxis with low doses of unfractionated heparin
or low-molecular-weigth heparin should be added to
mechanical methods of prophylaxis [2C].

Recommendation 3.2.4

In patients undergoing intracranial oncological neu-
rosurgery qualified for pharmacological antithrombotic
prevention, the pharmacological prophylaxis should be
started postoperatively, if proper hemostasis is achieved
[2C]. The time, when pharmacological prophylaxis
should begin must be assessed individually considering
bleeding risk and local hemostasis [1C].

Recommendation 3.2.5

In patients undergoing intracranial oncological neu-
rosurgery, inferior vena cava filter should not be used
for primary antithrombotic prevention [2C].

3.3. Antithrombotic prophylaxis in surgical
urological cancer patients

The bleeding risk associated with urinary-tract
surgery is often difficult to estimate, and the number
and quality of studies on this issue are limited, which
hinder the elaboration of final guidelines on VTE
prophylaxis in patients undergoing urologic oncological
surgeries [23, 133]. Because of that fact, many up-
to-date guidelines extrapolate results of the studies
conducted on patients undergoing abdominal and pelvic
surgery [23, 42, 134, 135]. Lack of research of sufficient
quality hinders elaboration of guidelines dedicated to
anti-thrombotic prophylaxis in the particular urologic
procedures. Hitherto, such guidelines were formulated
only by the American Urological Association (AUA) as
the Best Practice Statement in 2008 [136]. Although,
this document determines cancer as a significant VTE
risk factor, the AUA statement applies to patients un-
dergoing urological surgery because of various reasons,
including cancer-unrelated ones [136].

The characteristics of urology itself, high percentage
of endoscopic and laparoscopic procedures along with
a high bleeding risk justify taking them into account in
elaboration of guidelines for antithrombotic prophylaxis
and individual approach to each patient qualified for
urologic oncological surgery.

In patients undergoing transurethral resection of
the prostate (TURP), the ASH guidelines do not rec-
ommend pharmacological prophylaxis; however, it was
pointed out that patients with other risk factors for VTE
(e.g. thrombophilia or malignancy) may benefit from
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pharmacological prophylaxis. For patients undergoing
radical prostatectomy, the ASH guidelines suggest not
to use prophylaxis. Patients undergoing additional ex-
tended nodal resection and/or radical classic prostatec-
tomy may have a higher risk of VTE and may potentially
benefit from pharmacological prophylaxis [7].

In extensive and open urologic oncological surgeries
within the lesser pelvis (prostatectomy, cystectomy) the
VTE risk, when no prophylaxis is given, corresponds to
the risk observed for extensive procedures in general
surgery (VTE risk at 10-30%, pulmonary embolism
risk at 1-10%) [23, 133, 137-139]. Symptomatic ve-
nous thromboembolism occurs on average in 1-5%
of patients after extensive urologic surgeries within
the pelvis [23]. This risk seems to be even higher in
some extensive urologic intraabdominal oncological
surgeries. Radical oncological cystectomy with ileal
conduit urinary diversion is an example of such a pro-
cedure [23, 133, 140]. In the study published in 2014
based on retrospective analysis of 27,455 patients, who
underwent extensive urologic oncological surgeries,
symptomatic VTE was diagnosed in 2.93% of cases
[141]. The highest incidence of symptomatic VTE within
30 days after surgery was observed in patients after
radical oncological cystectomy and amounted to 5.5%
(there were no data available regarding antithrombotic
prophylaxis), whereas the incidence amounted to only
0.7% in patients, who underwent minimally invasive or
partial nephrectomy due to cancer [141]. Similar data
suggesting high percentage of VTE in patients under-
going radical cystectomy due to cancer can be found in
other reports. Potretzke et al. [142] diagnosed 8.3% of
clinically overt VTE within 90 days after radical cystec-
tomy due to cancer. VanDlac et al. [143] and Rosario et
al. [144] in two independent trials estimated the risk of
symptomatic VTE in patients after radical cystectomy at
6%. Based on treatment results of 1,581 patients after
radical cystectomy performed due to bladder cancer,
James et al. [145] reported that VTE occurred in 10%
of the cases within 90 days after surgery [145].

Most of the available data concerning VTE risk and
antithrombotic prophylaxis in patients undergoing
urologic cancer surgery refers to patients after radical
prostatectomy. According to the reports published in
recent years, estimated risk of symptomatic VTE ranges
from 0.8% to 6.2% in patients, who underwent open
prostatectomy, whereas the risk of fatal pulmonary
embolism amounts to 0.4—1.1% [146—155]. Dilliogl-
ugil et al. [154] found that in the group of 472 patients
after prostatectomy, |.1% suffered from symptomatic
pulmonary embolism and 1.3% from DVT. Likewise,
Andriole et al. [153] and Catalona et al. [156], based
on treatment results of 1,000 patients after this type of
surgery, estimated the VTE incidence at 2.6% and 2%,

respectively. Hammond et al. [157] analyzed 20,000
extensive oncological surgeries, including urological
oncological surgery and found that symptomatic VTE
occurred in 1.8% of patients after prostatectomy. In
cases where no prophylaxis was applied and thrombo-
embolic complications were assessed by the means of
imaging methods after prostatectomy, the risk seems to
be significantly higher (16.8-32%), which results from
high percentage of asymptomatic DVT cases [158, 159].
The presence of cancer also increases the risk for
symptomatic VTE occurrence after upper urinary tract
surgery up to 1-5% [23, 133, 139, 160]. A retrospective
analysis of the California Patient Discharge Data Set
estimated the incidence of symptomatic VTE at 2%
after nephrectomy performed because of malignancy
[146]. Pettus et al. [161] evaluated the VTE incidence
in 2,208 patients after partial or radical nephrectomy
(only mechanical methods of VTE prophylaxis were
used) and estimated that symptomatic VTE occurred in
[.5% of patients and pulmonary embolism in 0.9%. In
renal cancer, risk factors for VTE complications, aside
from staging and the presence of metastases, include:
the presence of concomitant diseases, long surgery
duration, non-radical operation, cancer infiltration into
the renal vein and/or inferior caval vein [162-164].
Thanks to advances in laparoscopic techniques,
also in urology more and more procedures are per-
formed by the means of minimally invasive surgery,
such as robotic surgical systems. However, even these
procedures, despite of significantly less severe surgical
trauma and faster mobilization of the patient, are not
free from thromboembolic complications. VTE occurs
in 0.13-4.8% of patients who underwent urologic
laparoscopic surgery, whereas incidence of pulmonary
embolism is estimated at 0.08—1% [165-172]. Chalm-
ers et al. [173] analyzed VTE incidence in 1,486 patients
after radical robotic prostatectomy and antithrombotic
prophylaxis with intermittent pneumatic compression
combined with low doses of unfractionated heparin
or intermittent pneumatic compression prophylaxis
alone. In both groups the incidence of symptomatic
VTE was comparable (1.0% vs. 0.7%). Other authors
also report relatively low incidence of symptomatic VTE
(0.5-0.6%) in laparoscopic or robotic prostatectomy
[172, 174]. On the other hand, some reports suggest
higher risk for such complications despite antithrom-
botic prophylaxis in this clinical setting. Abel et al.
[175] found that within 30 days after radical robotic
prostatectomy, VTE occurred in 1.8% of patients (de-
spite the use of mechanical methods of antithrombotic
prevention as well as pharmacological prophylaxis with
single heparin dose administered before surgery). The
authors of this study indicate that surgery duration is
also important in the context of an increased VTE risk.
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Urologic endoscopic procedures (transurethral uro-
logical surgery) are also not free from thromboembolic
complications, although the incidence of symptomatic
VTE is significantly lower in these procedures (sympto-
matic VTE: 0.1-0.75%; PE 0.1-0.84%). The presence
of cancer and other concomitant diseases may signifi-
cantly increase the risk of DVT and PE in patients who
undergo transurethral procedures such as transurethral
electro-resection of the prostate and resection of
bladder cancer [23, 138, 146, 176]. The analysis of the
extensive California Patient Discharge Data Set assessed
symptomatic VTE incidence at 0.3-0.5% in patients
who underwent transurethral resection of prostate
adenoma within 3 months after surgery. On the other
hand, according to White et al. [146], the percentage
of diagnosed VTE cases in patients undergoing nephros-
tomy due to cancer was 3.6% [146].

Clinical application of guidelines on antithrombotic
prophylaxis and progress in the surgical techniques,
resulting among others in the reduction of procedure
duration, significantly decreased incidence of thrombo-
embolic complications after extensive urologic proce-
dures [23, 133, 177]. On the other hand, application
of minimally invasive techniques reduced the incidence
of thromboembolic complications but did not eliminate
them entirely, whereas pulmonary embolism remained
the most common nonsurgical cause of death in this
group [23, 136]. Like in the other surgical specialties,
assessment of VTE risk and bleeding risk is crucial for
the proper qualification for antithrombotic prophylaxis
[23, 136, 178]. Because of the fact that there are no
studies referring to the particular clinical situations (the
same type of surgery, same bleeding risk and VTE risk)
of sufficient quality, individual approach and treatment
in each patient is encouraged.

The number of prospective clinical trials on an-
tithrombotic prophylaxis in patients undergoing urologic
surgery, including cancer surgery, is limited. Kutnowski
et al. [179] and Sebeseri et al. [180] reported that the
DVT incidence decreased after administration of low
doses of unfractionated heparin for VTE prophylaxis
in patients undergoing urologic surgery (from 36-58%
to 9-12%). Bigg and Catalona [181] obtained similar
results in the group of patients after open prostatec-
tomy (PE: 0% vs. 119%); the incidence of pulmonary
embolism was significantly lower after prophylactic
heparin administration. Vandendris et al. [182] used
low doses of unfractionated heparin for prophylaxis in
patients qualified for open prostatectomy and reported
a decrease in deep venous thrombosis incidence from
39.4% to 9.7%. In a review of 7 prospective rand-
omized clinical trials on pharmacological antithrombotic
prevention, Collins et al. [ 183] documented a significant
decrease in DVT incidence accompanied by a significant

increase in the risk of bleeding in patients receiving
low doses of unfractionated heparin for prophylaxis
(incidence of clinically significant bleeding complications
ranged from: 3.8% to 5.9%).

Available studies also refer to postoperative an-
tithrombotic prophylaxis as one of the VTE prevention
methods [184, 185]. Nakamura et al. used enoxaparin
at the dose of 40 mg (prophylaxis began 6—8 hours
after surgery) in a group of 47 patients who underwent
open prostatectomy and reported VTE incidence at
4% [184]. Grasso et al. [185] retrospectively analyzed
500 patients after radical prostatectomy who received
hemodilution, compression stockings, and pharmaco-
logical prevention administered up to 24 hours after
surgery and found only two VTE episodes as well as
two bleeding events that required surgical interven-
tion. As for now there are no prospective randomized
trials on prophylaxis for thrombosis after transurethral
oncological surgery, whereas few available reports on
VTE prevention mostly refer to the patients undergoing
urological surgery due to other reasons. Retrospective
analysis of 883 patients who underwent transurethral
radical prostatectomy (TURP) and used graduated
compression stockings indicated that symptomatic
pulmonary embolism occurred in 0.45% of the patients
[186]. In the @RISTOS study conducted on patients
undergoing cancer urological surgery (mostly due to
bladder and prostate carcinoma, 61% of whom un-
derwent laparoscopic surgery), symptomatic VTE was
found in 0.87% of patients, while 71% of the patient
population received prophylaxis during hospitalization,
and in 32% of them prophylaxis was continued after
discharge [187].

In both endoscopic and open urological procedures,
an important element of qualification for antithrombotic
prophylaxis is the assessment of the risk of bleeding
complications. [178, 188]. In this context, in the patients
with elevated bleeding risk, mechanical prophylaxis
methods such as intermittent pneumatic compression
are of special interest. According to the performed
studies, intermittent pneumatic compression in patients
undergoing open urologic surgery causes a reduction
in VTE incidence [189]. Koya et al. [190] found VTE
incidents only in 0.21% of 1,364 patients undergoing
radical prostatectomy, who used early mobilization
and intermittent pneumatic compression for throm-
boprophylaxis [190]. On the other hand, Cisek i Wals
[191] suggest that application of intermittent pneumatic
compression in high-risk patients does not decrease the
total VTE risk in this population, but significantly delays
thrombosis event occurrence (the average time of VTE
diagnosis in this study was 20 + 2 days vs. | | = 5 days
after surgery). In this group of patients (patients at high
risk and very high risk of VTE), it seems reasonable
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to use pharmacological prophylaxis or combination
treatment instead of only mechanical methods of VTE
prophylaxis [23, 136].

Due to limited invasiveness and often short duration
of gradually more commonly performed laparoscopic
procedures (e.g., in the field of general surgery), up-
to-date guidelines on laparoscopic surgery do not
encourage routine administration of pharmacological
prophylaxis, permitting for early mobilization and me-
chanical methods implementation [23, 74, 136]. Other
risk factors such as prolonged laparoscopic surgery,
lesser pelvis surgery and cancer increase the risk justify
the use of prevention methods (including pharmacolog-
ical prophylaxis), according to the individual assessment
of VTE and bleeding risks.

Recommendation 3.3.1

The risks of venous thromboembolism and bleeding
complications should be assessed individually for each
patient undergoing urologic surgery due to cancer [ A].

Recommendation 3.3.2

In patients undergoing major urological surgery
due to cancer and in those undergoing other urological
procedures, who are at high risk of venous thrombo-
embolism, it is recommended to consider the use of
thromboprophylaxis based on LDUH [IB] or LMWH
[IC], if the risk of bleeding do not significantly outstands
potential benefits associated with the use of pharmaco-
prophylaxis. Due to the limited availability of research
and the specificity of the treated population, the op-
timal moment of starting pharmacological prophylaxis
in these patients has not been defined and therefore
should be based on individual evaluation of the benefits
and risks of this type of prophylaxis [2C]. In case of a
significant bleeding risk in the perioperative period, it
is recommended to use mechanical methods of VTE
prevention (most preferably intermittent pneumatic
compression) [IC].

Recommendation 3.3.3

In cancer patients with moderate VTE risk undergo-
ing other surgical urologic procedures other than major
urologic surgery, it is recommended to decide about
the method and the time for administration of throm-
boprophylaxis according to the current risk assessment
of VTE and bleeding complications [2C].

Recommendation 3.3.4

In patients undergoing urologic surgery due to
cancer at high risk of VTE and bleeding complications,
or in patients with contraindications for pharmaco-
logical prophylaxis, it is suggested to use mechanical
prophylaxis (most preferably intermittent pneumatic

compression), at least until the bleeding risk decreas-
es and administration of pharmacological prophylaxis
becomes possible [2C].

Recommendation 3.3.5

It is suggested that in cancer patients undergoing
major urologic surgery, qualified for pharmacological
prophylaxis due to high or very high risk of VTE,
pharmacological prevention should be supported with
mechanical methods (most preferably intermittent
pneumatic compression) [2C].

Recommendation 3.3.6

In patients undergoing major urologic surgeries in
the abdominal cavity and/or pelvis, who are not at high
risk of serious bleeding complications, it is suggested
to prolong pharmacological prophylaxis (4 weeks) with
LMWH [2C]. In the other cases, the decision regarding
prolongation of prophylaxis should be made individually
based on benefits and risk of such treatment [2C].

Recommendation 3.3.7

In laparoscopic cancer surgery, it is suggested to
assess the risk of VTE individually [IA] and to use
the same rules of thromboprophylaxis as in patients
operated by the means of laparotomy performed due
to cancer [2C].

Recommendation 3.3.8

In patients undergoing transurethral and percu-
taneous endoscopic procedures due to cancer it is
suggested to assess the risk of venous thromboembo-
lism and the risk of bleeding complications individually
and to decide on prophylaxis administration based on
evaluation of benefits and risks of such treatment [2C].
The decision on prophylaxis administration as well as
the chosen prevention method and the right time for
its administration should be based on characteristics
of the particular procedure and bleeding risk assessed
individually in each patient [2C]. In the case of high risk
of bleeding, in the first place, early patient mobilization
as well as mechanical prophylaxis should be used [2C],
and pharmacological prophylaxis should be added, when
hemostasis is satisfactory [2C].

Chapter 4. Treatment of venous
thromboembolism in cancer patients

Clinical question 4. What is the best treatment
for patients with cancer-related VTE to prevent
recurrence?

The goal of treatment of venous thrombosis in
cancer patients is the same as in cancer-free patients,
i.e., prevention of thrombus extension and pulmonary
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Table 7. Absolute and relative contraindications to therapeutic anticoagulation in cancer patients

Absolute contraindications

I. Common to all anticoagulants

¢ Active major, major, or potentially life-threatening bleeding
that cannot be stopped by therapeutic intervention (medication
or surgery), including any active bleeding at a critical site
(e.g. intracranial, pericardial, retroperitoneal, intraocular,
intra-articular, intramedullary)

* Severe, uncontrolled malignant hypertension

* Severe, uncompensated coagulopathy (e.g. liver failure)

Severe platelet dysfunction or congenital bleeding disorder

Persistent severe thrombocytopenia (20,000/mL)

* High-risk invasive surgery at a critical site, such as lumbar
puncture, spinal anesthesia, epidural catheter placement

I1. Specific to DOACs
¢ Concomitant use of potent inhibitors or inducers
of P-glycoprotein or CYP3A4

Relative contraindications

I. Common to all anticoagulants
* Intracranial or spinal injuries with a high risk of bleeding
¢ Active gastrointestinal ulcer with a high risk of bleeding
* Active, but not life-threatening bleeding (e.g. microscopic hematuria)
* Intracranial or CNS bleeding in the last 4 weeks
* Recent high-risk surgery or bleeding
* Persistent thrombocytopenia (< 50 000/uL)
* Patients in whom the benefits of anticoagulation are uncertain
— Palliative care patient
— Very limited life expectancy with no benefit in terms
of palliative treatment or symptom reduction
— Asymptomatic thrombosis with high risk of major bleeding
* Patient characteristics
— Patient preference or refusal to take medication
— Failure to adhere to the dosing, observation or monitoring
schedule

DOAC — direct oral anticoagulant; CNS — central nervous system

embolism, prevention of recurrences and long-term se-
quelae such as post-thrombotic syndrome and chronic
thromboembolic pulmonary hypertension.

The basic contraindications (Table 7) for the
pharmacological treatment of acute VTE in this
group of patients are the same as for patients without
cancer.

Cancer-associated thrombosis (CAT) may be
a symptom preceding or a consequence of neoplastic
disease, and the occurrence of CAT is strongly associ-
ated with poorer prognosis and shorter survival. Can-
cer-associated thrombosis is defined as a thrombosis
that occurs in patients with active cancer or as a result of
cancer treatment. Treatment of VTE in cancer patients
remains one of the most difficult clinical challenges,
as it is often administered concurrently with cancer
treatment. Oncological therapy often requires invasive
surgery, increases the risk of infections, and may cause
thrombocytopenia and, consequently, increase the risk
of bleeding [192]. Treatment of VTE in patients with
cancer must additionally take into account the higher
frequency of recurrent thrombosis and the high risk of
bleeding complications in this group of patients [193].
In most guidelines published in 2016, the treatment
of VTE consisted of the initial treatment of 7-10 days
of anticoagulation and its continuation in the form of
long-term treatment (up to 3 months) and, if necessary,
subsequent extended (chronic) treatment. Long-term
treatment following initial treatment during the first 3
months of thrombosis is also known as maintenance
therapy [194]. The durations of these treatment
phases are only conventional, especially in relation
to the preferred treatment in CAT patients, where
treatment with a full dose of LMWH for the first month

is suggested. Kearon et al. [195] proposed in 2012
different antithrombotic treatment phases, i.e., the
active treatment phase (first 3 months), in which there
is a significantly higher risk of VTE recurrence, and the
so-called secondary prevention of disease recurrence
(after 3 months). The most recent division of anticoagu-
lant treatment, which takes into account the increasing
use of DOAC:s and their registration documents (with
the proviso that patients treated with LMWHSs were
not included) was proposed by ASH in 2020 (see dia-
gram in Figure 1) [7]. [7]. The treatment phases are as
follows: initial management (5-21 days), followed by
primary treatment for 3—6 months and the period after
the decision to continue or discontinue treatment
(> 6 months), the so-called secondary prevention.

4.1. Initial (5-21 days) and primary
(3—6 months) treatment of VTE

In the 2016 American College of Chest Physicians
(ACCP) guidelines for the treatment of VTE, the indi-
cations for the treatment of VTE depended on whether
the thrombosis was diagnosed as CAT or not related
to cancer [14]. For CAT, initial/primary anticoagulant
therapy may be based on the use of parenteral anti-
coagulants without subsequent administration of oral
anticoagulants [14, 196]. The classification of patients
depending on whether they suffer from CAT or VTE
caused by other factors is currently less important due
to, among others, new registrations of rivaroxaban,
apixaban and edoxaban. The guidelines for the treat-
ment of VTE issued by the ASH in 2020 also point to
the change in the approach to patients with CAT and
list cancers along with other chronic risk factors for
VTE, treating this group as a whole [7].
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Diagnosis of deep vein thrombosis/
/thromboembolism

Initial management

Decision point for (1) stopping anticoagulation or (2)
continuing for secondary prevention

l

Primary treatment

First 5-21 days after diagnosis

[e——— 3-6 months —— > <— Planned indefinite duration —

Figure |. Phases of anticoagulation treatment [adapted from 7]

Table 8 presents the chronic and transient risk
factors for VTE. Currently, ASH qualifies patients for
different treatment regimens based on the type of risk
factors [7].

When analyzing the impact of heparins on the
outcomes of VTE treatment in cancer patients, it can
be considered in the context of the CLOT study (i.e.,
before and after the CLOT study), which, until the
registration of selected DOAC:sS in cancer patients, was
the standard of care in CAT patients [197].

Initial treatment of CAT may include UFH, LMWH,
and fondaparinux for 5-10 days. In 2 2014 meta-analysis
of 16 RCTs, of which 13 compared LMWH to UFH,
two studies compared fondaparinux vs. heparin, and
one compared dalteparin to tinzaparin. Eleven studies
confirmed a statistically significant reduction in mortality
in the 3-month follow-up period in favor of LMWH in
relation to UFH (RR 0.71; 95% CI: 0.52-0.98) [66].
There was no difference in recurrence of thrombosis
between LMWH and UFH used as initial treatment (RR
0.78; 95% CI: 0.29-2.08). In the conclusions, the au-
thors suggest that the primary treatment with LMWH,
due to the lower number of bleeding complications and
lower mortality, has an advantage over UFH in CAT
therapy [66].

The CLOT study (677 randomized patients) com-
pared the treatment with dalteparin at a therapeutic
dose of 200 |U/kg bw for one month, followed by
75-83% of the full dose (on average |50 |U/kg bw) for
5 months with the group of patients who, after 5-7 days
of using dalteparin at a dose of 200 |U/kg together with
an oral anticoagulant, received secondary prophylaxis
with warfarin. Over the six-month treatment period,
8% of patients in the heparin group had recurrent
venous thrombosis, compared with 15.8% in the VKA
group (p = 0.002). There was no significant difference
between the dalteparin and oral anticoagulant groups in
the incidence of major bleeding (6% and 4%, respec-
tively) or any bleeding (14% and 19%, respectively).

Table 8. Transient and chronic risk factors of venous thromboem-
bolism (VTE) [from 7]

Chronic (persistent) risk factors (risk factors that persist

after the development of VTE)'; these include:

Active cancer (e.g., ongoing chemotherapy, recurrent or
progressive disease)

Inflammatory bowel disease

Autoimmune disorders (e.g., antiphospholipid syndrome,
rheumatoid arthritis)

Chronic infections

Chronic immobility (e.g., spinal cord injury)

Transient risk factors (risk factors that resolve after they
have provoked VTE*)

Major transient risk factors (occur within 3 months of VTE
diagnosis); these include:
Surgery with general anesthesia for > 30 min
Confined to bed in hospital for > 3 days with an acute illness
(“bathroom privileges” only)
Cesarean section
Minor transient risk factors (occur within 2 months of VTE
diagnosis); these include:
Surgery with general anesthesia for < 30 min
Admission to hospital for < 3 days with an acute illness
Estrogen therapy (e.g., oral contraceptives, hormone
replacement therapy)
Pregnancy and puerperium
Confined to bed out of hospital for > 3 days with an acute illness
Leg injury associated with decreased mobility for > 3 days

*Chronic risk factors may fluctuate over time, which may impact the relative risk of
recurrent VTE.

*For patients with VTE and a major transient risk factor > 3 months prior to the VTE
or a single minor transient risk factor > 2 months prior to the VTE, clinical judgment
is essential when considering the contribution of this variable to the initial VTE and the
risk of recurrence

The mortality at six months was 39% in the dalteparin
group and 41% in the VKA group [197].

Further studies with similar goals and study groups
are ONCENOX and CATCH [198, 199]. The former
investigated a relatively small number of cancer patients
(122) treated with enoxaparin (1 mg/kg every 12 hours
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for 5 days, then | mg/kg/day or 1.5 mg/kg/day) or treat-
ed initially with enoxaparin (1 mg/kg every |12 hours for
at least 5 days) followed by warfarin. During 180 days,
there were no significant differences in the incidence
of VTE recurrence or bleeding events between the
two groups studied [215]. In 2013, Lee et al. [199]
published the results of the CATCH study, the main
aim of which was to assess the efficacy of tinzaparin
in the prevention of VTE recurrence in patients with
active cancer and acute symptomatic proximal deep
vein thrombosis and/or pulmonary embolism. The
observation period was 6 months. The rate of VTE
recurrence was insignificantly lower in patients receiv-
ing long-term treatment with tinzaparin (7 vs. | 1%).
Likewise, there was no difference in mortality or the
number of major bleeding events. A meta-analysis of
studies comparing long-term LMWH treatment with
VKA showed no effect of heparin use on mortality (HR
0.96; 95% CI 0.81-1.14) with a significant reduction of
VTE recurrences in parenterally treated patients (HR
0.47; 95% CI 0.32-0.71) [200].

Therefore, it seems that in patients who develop
CAT, the use of LMWH for both primary treatment and
secondary prevention is more effective than the use of
VKA in the second phase of therapy in the prevention
of CAT recurrence [200].

However, it should be noted that the results of
similar studies (Lopez-Beret 2001, CANTHANOX —
Meyer 2002, CLOT — Lee 2003, LITE — Hull 2006,
ONCENOX — Deitcher 2006, Romera 2009, CATCH
— Lee 2013, DALTECAN — Francis 2015) indicate no
class effect for LMWH with regard to the prevention of
recurrent VTE in the group of cancer patients [197-199,
201-208].

Lopez-Beret et al. [208], in a study with nadroparin
at a dose adjusted to body weight administered twice a
day, demonstrated the efficacy and safety of this ther-
apy and a reduction in the incidence of deep venous
valve insufficiency in VKA, but with no effect on VTE
recurrence.

In the Main-LITE study, 200 CAT patients were
divided into two groups of 100 people each; one group
was treated with tinzaparin at the dose of 175 anti-Xa
units/kg bw/day for 3 months, and patients in the
second group received conventional UFH treatment
with VKA for the same period. The assessments were
performed after 3 and 12 months. There were no
differences in endpoints between the studied groups
at 3 month. After 12 months, the group treated with
the oral anticoagulant had a significantly higher rate of
DVT recurrences (16%) compared with 7% in those
treated with LMWH (p = 0.044) [201].

The CANTHANOX study (146 patients) compared
warfarin with enoxaparin (1.5 mg/kg once daily for

four days followed by warfarin or enoxaparin for three
months without dose adjustment) in CAT patients.
During the 3-month follow-up, 15 patients (21.1%)
treated with warfarin had major bleeding or VTE recur-
rence (95% Cl: 12.3-32.4%) compared with 7 patients
(10.5%) treated with enoxaparin (95% Cl: 4.3-20.3%).
The CATHANOX study showed no difference in the
frequency of VTE recurrences between enoxaparin-
and warfarin-treated cancer patients (p = 0.09) [203].

A meta-analysis of 5 RCTs on the use of tinzaparin in
patients with CAT was published in 2012, which showed
a statistically insignificant 38% reduction in the risk
of VTE recurrence compared with oral anticoagulant
therapy [205].

Most of the meta-analyzes of the initial treatment
with UFH vs. LMWH conducted so far indicate that
LMWH treatment is comparable in terms of efficacy
and has a better safety profile in terms of the risk of
bleeding [208-215].

In the initial phase of VTE treatment, an alter-
native to LMWH or UFH is the indirect factor Xa
inhibitor, fondaparinux. Biiller et al. [216] showed that
fondaparinux was not inferior in efficacy and as safe as
enoxaparin (both drugs were used for 5 days before
VKA was started).

The 2018 Cochrane meta-analysis comparing the
initiating treatment with UFH, LMWH and fondaparinux
only highlights the advantage of LMWH over UFH in
the conclusions [217]. Regarding the comparison of
fondaparinux with heparin (UFH or LMWH), no con-
clusions could be drawn as most of the parameters
assessed, such as bleeding and recurrences, were not
significantly different.

The 2020 American Society of Clinical Oncology
(ASCO) guidelines list LMWH, UFH, fondaparinux and
rivaroxaban as drugs for the initiation of VTE therapy
(5-21 days), pointing out that low-molecular-weight
heparins have an advantage over unfractionated heparin
[10]. If LMWH is selected due to the risk of bleeding,
it is suggested that this drug is used once a day rather
than twice a day, at the dose recommended by the
manufacturer [| 1].

Recently published studies in patients with throm-
bosis in the course of neoplastic disease suggest that
rivaroxaban, apixaban and edoxaban can be used in the
treatment of VTE in this group of patients (Table 9).

In previous studies in patients with VTE, assessing the
efficacy and safety of DOAC compared with standard
warfarin therapy, the percentage of patients with CAT
was relatively low, at the level of 2-9% [218]. In the 2016
ACCP guidelines, this group of drugs is recommended
in the primary and long-term treatment of VTE [14].

In 2017 and 2018, the results of three studies on
CAT treatment with edoxaban, rivaroxaban and apix-
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aban were presented at ASH conferences and were
later published in full versions [219-221].

In the Hokusai-VTE study on CAT (symptomat-
ic and incidental VTE), 1,050 cancer patients were
randomized into two groups: the edoxaban group
(dalteparin for at least 5 days, followed by a single dose
of 60 mg edoxaban daily) or dalteparin group (200 1U/
kg once daily for one month, followed by 150 [U/kg per
day) for 6—12 months.

The primary composite endpoint (recurrent VTE
or major bleeding within 12 months of randomization,
irrespective of duration of treatment) occurred in 67
(13%) of 522 patients in the edoxaban group compared
with 71 (14%) of 524 patients in the dalteparin group
(HR 0.97, 95% Cl 0.70-1.36, p = 0.006). The per-
centage of patients with recurrent VTE was statistically
insignificantly lower for edoxaban (8% in the edoxaban
group vs. | 1% in the dalteparin group, p = 0.09). The
proportion of patients with major bleeding was higher in
the edoxaban group than in the dalteparin group (7% v.
4%, p = 0.04), whereas the percentage of patients with
clinically significant bleeding and overall survival were
comparable between the groups [219]. The SELECT-D
study enrolled 406 patients with pulmonary embolism
(symptomatic or accidental) or symptomatic proximal
DVT. In this study, patients were randomized into two
groups receiving rivaroxaban (15 mg twice daily for 3
weeks, then 20 mg daily for 2-6 months) or dalteparin
(200 1U/kg daily for the first month, then 150 1U/kg daily
for up to 6 months). The primary endpoint was VTE
recurrence within 6 months of randomization. Patients
with cancers of the upper gastrointestinal tract were
excluded from the study. The 6-month cumulative VTE
recurrence rate in the rivaroxaban group was signifi-
cantly lower compared with that of dalteparin group
(4% in the rivaroxaban group vs. | 1% in the dalteparin
group, HR 0.43, 95% CI, 0.19-0.99). The percentage
of patients with clinically significant minor bleeding was
significantly higher in the rivaroxaban group compared
with the dalteparin group (13% vs. 4%, HR 3.76, 95%
Cl 1.63-8.69, respectively). The cumulative rate of ma-
jor bleeding was 6% in the rivaroxaban group compared
with 4% in the dalteparin group (p = NS). It should
be emphasized that most of the bleeding events in the
rivaroxaban group were in people with cancers of the
gastrointestinal tract or urinary tract.

The ADAM VTE study recruited 300 patients with
CAT, including thrombosis of the veins of the upper
limbs and visceral veins. Patients were randomized to
receive apixaban (10 mg twice daily for 7 days, then 5
mg twice daily) compared with dalteparin (200 IU/kg
daily for | month, then 150 IU/kg daily) for 6 months.
The proportion of patients with major bleeding, which

was the primary endpoint, was not significantly different
[0 patients in the apixaban group vs. 3 patients (2%)
in the dalteparin group, p = 0.99]. The percentages of
patients with the composite endpoint (major bleeding
and clinically significant minor bleeding) were similar —
9% in each group. Recurrent VTE occurred in 0.7% of
patients in the apixaban group compared with 6.3% in
the dalteparin group (HR 0.099, 95% CI 0.013-0.780,
P = 0.0281) [221].

In 2018, the results of another RCT on CAT treat-
ment with apixaban were also published [222]. In
this study, patients with cancer and symptomatic or
incidental acute thrombosis of the proximal limbs or
pulmonary embolism were randomized to receive apix-
aban (dosing as for treatment of deep vein thrombosis)
or subcutaneous LMWH (dalteparin). Treatment was
carried out for 6 months. The primary endpoint of the
study was recurrence of venous thrombosis during
the study period and the primary safety endpoint was
the occurrence of major bleeding. Recurrence was
observed in 32 of 576 patients (5.6%) in the apixaban
group and 46 of 579 patients (7.9%) in the heparin
group (HR, 0.63; 95% ClI, 0.37 to 1.07; p <0.001 for
non-inferiority). Major bleeding occurred in 22 patients
(3.8%) in the apixaban group and in 23 patients (4.0%)
in the heparin group (HR, 0.82; 95% ClI, 0.40-1.69; p =
0, 60). At the same time, the number of gastrointestinal
bleeding events was not higher in the apixaban group
than in the subcutaneous LMWH group. Data from
the Caravaggio study therefore indicate that apixaban
does not increase the risk of bleeding in patients with
gastrointestinal cancer.

Major studies of CAT treatment with DOACs are
summarized in Table 9.

It is important to be aware of the limitations of the
use of DOACs. Treatment with any DOAC in cancer
patients is dependent on gastrointestinal absorption,
and drug interactions, including those used in chemo-,
hormone, and immunotherapy, can occur. P-glycopro-
tein inhibitors or inducers may interact with edoxaban,
apixaban, and rivaroxaban, and cytochrome P450 34A
inhibitors or inducers — with rivaroxaban [223, 224].
The latest list of DOAC interactions with drugs used
in the treatment of oncological patients can be found
in the recommendations of the 2021 guidelines of the
European Heart Rhythm Association [225]. The most
important drug interactions with anticancer drugs are
listed in Table 10. Nausea or vomiting may also influence
adherence to treatment with DOACSs, due to the oral
route of administration [226]. A suggested treatment
strategy for vomiting is shown in Figure 2 [227].The
limitations of CAT treatment with DOAC are summa-
rized in Table || [228].
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Table 9. Summary of major randomized controlled trials of CAT treatment with DOAC

Trial Hokusai-VTE-cancer SELECT-D ADAM VTE CARAVAGGIO

Size (N) 1050 406 300 1170

Design* Non-inferiority, Pilot, carried out Superiority, international | Non-inferiority,
international in the USA international

Drug** Edoxaban 60 mg QD Rivaroxaban 15 mg BID Apixaban 10 mg BID for | Apixaban 10 mg2 BID
following 6 days of for 3 weeks, then 20 mg | week, then 5 mg BID for | week, then 5 mg
LMWH QD thereafter thereafter BID thereafter

Treatment At least 6 and up 6 months 6 months 6 months

duration to 12 months

Primary Composite of recurrent Recurrent VTE Major bleeding Recurrent VTE

outcome VTE and major bleeding

Cancer Diagnosed within the Diagnosis of cancer in Histologically proven Any type of confirmed

inclusion previous 2 years and was | the previous 6 months, active cancer: metastatic | active cancer: diagnosed

criteria*** objectively confirmed any treatment for cancer | disease; evidence of within the past 6 months,
or active cancer: cancer within the previous 6 cancer on CT or PET receiving treatment at
diagnosed within the pre- | months, recurrent or imaging; cancer-related inclusion or within the
vious 6 months; recur- metastatic cancer, or surgery, chemotherapy, past 6 months; recurrent
rent, regionally advanced, | cancer not in complete or radiation therapy locally advanced or me-
or metastatic cancer; remission (hematologic within the past 6 months | tastatic disease. History
cancer for which treat- malignancy). Excluded: of cancer: those with
ment had been admini- esophageal or gastroe- cancer diagnosed within
stered within 6 months sophageal cancer 2 years before study
before randomization; inclusion. Excluded:
or hematologic cancer primary brain tumor or
that was not in complete brain metastases
remission

Results Edoxaban: 7.9% Rivaroxaban: 4% Apixaban: 0.7% Apixaban: 5.6% Daltepa-

(recurrent VTE) Dalteparin: | 1% Dalteparin: | 1% Dalteparin: 6.3% rin: 7.9%

Results Edoxaban: 6.9% Rivaroxaban: 6% Apixaban: 0% Apixaban: 3.8% Daltepa-

(major bleeding) Dalteparin: 4% Dalteparin: 4% Dalteparin: 2% rin: 4%

*All studies were/are randomized, open-label studies; **All comparators were/are subcutaneous dalteparin 200 IU per kg body weight once daily for | month followed by dalteparin at
adose of 150 IU per kg once daily for the remainder of treatment; ***All studies exclude non-melanoma skin cancers (e.g., basal cell carcinoma of the skin); CAT — cancer-associated

thrombosis; DOAC — direct oral anticoagulants; VTE — venous thromboembolism

Table 10. The most important interactions with anticancer drugs (adapted from [225])

No effect on dosing of DOACs

Antimetabolites
Topoisomerase inhibitors
Anthracyclines

Alkylating agents
Platinum-based agents
Intercalating agents
Tyrosine kinase inhibitors

Methotrexate, purine analogs, pyrimidine analogs
Topotecan, irinorecan, etoposide
Daunorubicin, mitoxantrone

Cisplatin, carboplatin, oxaliplatin
Bleomycin, dactinomycin, mitomycin C
Erlotinib, gefitinib

Drugs that increase the effect of DOACs. Consider dose reduction

Immune-modulating agents
Hormonal agents
Alkylating agents

Tyrosine kinase inhibitors

Cyclosporine, tacrolimus (strongest for dabigatran — do not use in combination)
Tamoxifen

Ifosfamide, cyclophosphamide, lomustine (for rivaroxaban and apixaban)
Nilotinib, dasatinib

Hormonal agents
Tyrosine kinase inhibitors
Antimitotic agents
Anthracyclines

Abiratorene (increased effect), enzalutamide (increased effect)
Imatinib, crizotinib (increased effect)

Vinblastine (decreased effect)

Doxorubicin (decreased effect)

Busulfan, bendamustine, chlorambucil, melphalan, carmustine, procarbazine, dacarbazine, temozolomide

Do not use, strong interaction with DOACs. Effect on DOACs
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Treatment Radiotherapy

Chemotherapy

Assess
emetogenicity
I I

Assess
emetogenicity

| Medium/high |—>| Assess thromboembolic risk |<—| Medium/high |
I

Medium/high

1. Maintain DOAC
2. Offer antiemetic
therapies if

appropriate 1. Maintain DOAC

2. Prescribe one package of LMWH
to patients

1. Pause DOAC therapy

2. Switch to a parenteral
anticoagulant

3. Offer antiemetic therapies in line

1. Maintain DOAC therapy
and monitor for

nausea/vomiting

2. Offer antiemetic therapies
if appropriate

3. If nausea/vomiting
occurs, follow guideline
recommendations*

3. Assess potential interactions between
antiemetics and DOAC

4. Offer antiemetic therapies in line with
guideline recommendations

5. If nausea/vomiting occurs, follow guideline
recommendations*

with guideline recommendations*

*If vomiting persists for more than 24 hours, discontinue DOAC and administer a parenteral anticoagulant until symptoms resolve.
DOAC — direct oral anticoagulants

Figure 2. Suggested strategy in the case of vomiting in cancer patients using DOAC [adapted from 227]

Table 1 1. Limitations on the treatment of cancer-associated thrombosis with direct oral anticoagulants [adapted from | I, 228]

Rivaroxaban Apixaban Edoxaban

Renal insufficiency | Severe: dose adjustment recommended | Severe: not recommended if GFR | Severe: dose adjustment recom-

if GFR 1529 mL/min; not recommended
if GFR < |5 mL/min

< |5 mL/min

mended if GFR 15-29 mL/min; not
recommended if GFR < |5 mL/min

Liver insufficiency

Moderate hepatic insufficiency: caution
should be exercised; Liver disease with
coagulopathy and risk of clinically
significant bleeding: contraindicated
(Child-Pugh Classes B and C)

Moderate hepatic impairment:
caution should be exercised but
no dose adjustment is necessary;
Severe hepatic insufficiency: not
recommended; liver disease with
coagulopathy and risk of clinically
significant bleeding: contraindicated
(Child-Pugh Class C)

Mild hepatic insufficiency: no dose
reduction necessary; Severe hepatic
insufficiency: not recommended
(Child-Pugh Class C)

Interactions

Inducers or inhibitors of P-glycoprotein,
CYP3A4 and CYP2)2

Inducers or inhibitors
of P-glycoprotein and CYP3A4

Inducers or inhibitors
of P-glycoprotein, CYP3A4

Other limitations

Expected malabsorption at the level of the stomach or small intestine
Active genitourinary or gastrointestinal lesions
Untreated primary tumor of the central nervous system

Body weight: < 50 kg or > 150 kg

Concomitant use of an antiplatelet agent other than acetylsalicylic acid

DOAC — direct oral anticoagulants; GFR — glomerular filtration rate

4.2. Thrombolytic therapy for CAT

According to most of the current recommendations,
anticoagulation has so far been the preferred treatment
over more aggressive treatments (venous thrombec-
tomy, local thrombolysis) [7]. The main indication for
these types of aggressive procedures is the presence

86

of limb ischemia associated with the development of
venous thrombosis and the risk of limb loss (phlegmasia
coerulea/alba dolens). Interventional methods for the
treatment of CAT have large population limitations —
they are reserved for patients with proximal deep vein
thrombosis, short thrombosis duration (<14 days),
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low bleeding risk, good general condition and long life
expectancy [229].

Thrombolytic therapy may also be considered in
specific subsets of patients with pulmonary embolism
(PE) (see Chapter 6) or DVT. Data on thrombolytic
therapy in patients with CAT are limited as most
studies excluded cancer patients due to a potentially
higher bleeding risk. Small, retrospective studies have
assessed the degree of venous patency and the safety
of CDT treatment in VTE patients with and without
cancer, showing that the procedure is equally effective
and safe for both groups of patients [135, 230]. The
advantage of thrombolytic therapy over anticoagulation
is the rapid lysis of the thromboembolic material and,
consequently, a faster hemodynamic improvement.
Patients with massive thrombosis treated with CDT
may benefit from faster symptom relief, restoration
of normal limb perfusion, and a reduction in the inci-
dence of post-thrombotic syndrome. Due to the small
number of publications on patients who have received
thrombolysis in CAT therapy, it should be remembered
that this may be associated with a three-fold higher risk
of major bleeding, whereas the effect on mortality or
the frequency of VTE recurrences is unknown [231].
The basic principle when considering indications for
fibrinolytic therapy in CAT is an individual assessment
in each patient, taking into account the benefits of
therapy and the risk of complications. The exception
to this rule is in patients with massive, life-threatening
pulmonary embolism who are hemodynamically insta-
ble, in the absence of an increased risk of bleeding, for
whom thrombolytic therapy is considered the standard
of care [14].

Other indications for thrombolysis in patients with
CAT, according to the guidelines of the National Com-
prehensive Cancer Network (NCCN) and the Euro-
pean Society for Medical Oncology (ESMO), are acute
limb- or life-threatening conditions, proximal deep vein
thrombosis or massive thrombosis in the ilio-femoral
segment, for which rapid venous decompression and
restoration of blood flow may be desirable [135].

Brain imaging prior to thrombolysis should be con-
sidered in all cancer patients to rule out intracranial
tumors or hemorrhage, which are an absolute contrain-
dication to thrombolysis.Other contraindications are
history of hemorrhagic stroke, ischemic stroke in the
last 3 months, major trauma, surgery or head injury in
the last 3 weeks, platelet count less than 100,000/uL,
active bleeding or bleeding disorder, treatment-resis-
tant hypertension (i.e., systolic blood pressure> 180
mm Hg and diastolic blood pressure> 100 mm Hg),
recent gastrointestinal bleeding and advanced liver
disease.

4.3. Insertion of the filter into the inferior
vena cava

The insertion of an inferior vena cava filter can only
be justified when anticoagulant therapy is contraindi-
cated or in the event of pulmonary embolism despite
optimal anticoagulant therapy. The results of the RCT
published in 2015 comparing recurrences of pulmonary
embolism in patients with IVCF (inferior vena cava filter)
used together with anticoagulant therapy (200 patients
with active cancer — 16.5%) with anticoagulation
therapy alone (2 patients with active cancer — 14.6%).
After 3 months of follow-up, PE recurrences were twice
as frequent in the filter group, although the difference
was not statistically significant [232].

4.4. Recommendations — Initial and primary
treatment of cancer-associated thrombosis

Recommendation 4.4.1

LMWH, UFH, fondaparinux, rivaroxaban or apix-
aban are recommended in the initial treatment period
of deep vein thrombosis in cancer patients (direct oral
factor Xa inhibitors can be used after ruling out drug
interactions according to the SmPC) [IA].

Recommendation 4.4.2

For primary treatment (3—6 months), LMWH, ri-
varoxaban, apixaban, and edoxaban are recommended,
and they are preferred over vitamin K antagonists [ 1 A].

Recommendation 4.4.3

Thrombolytic treatment in patients with DVT of the
lower legs can be considered on the individual basis in
cases of limb threat, after ruling out contraindications,
especially the risk of bleeding. Early endovascular
restoration procedures should be performed only in
centers with appropriate experience and capabilities
in this type of treatment, and in patients with short (up
to |4 days) duration of thrombosis who are in good
general condition, with a low risk of bleeding and a long
life expectancy. Systemic thrombolytic therapy is not
recommended in patients with cancer-induced deep
vein thrombosis [GPS].

Recommendation 4.4.4

If there are contraindications to anticoagulant
treatment or pulmonary embolism despite properly
conducted anticoagulant therapy, it is suggested to
consider insertion of an inferior vena cava filter [2C].

Recommendation 4.4.5
For incidental DVT, the same treatment is suggested
as for symptomatic VTE [3C].
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Recommendation 4.4.6

In the case of recurrence or worsening of thrombo-
sis despite proper treatment, it is suggested to increase
the dose of LMWH by 20-25% in patients previously
treated with these drugs, and in those treated with
DOAC or VKA, switch to LMWH at the therapeutic
dose for a minimum of 4 weeks [2C].

4.5. Secondary prophylaxis

The indication for extended treatment of VTE in
cancer patients is the increased risk of VTE recurrence
in this group of patients, and the limitation is the more
frequent occurrence of major bleeding. In a prospective
cohort study by Prandoni et al. [193], the |12-month cu-
mulative incidence of recurrent VTE in cancer patients
was 20.7% versus 6.8% (HR 3.2 [95% CI 1.9-5.4])
in cancer-free patients, and for major bleeding it was
12.4% in cancer patients versus 4.9% (HR, 2.2 [95%
Cl, 1.2-4.1]) in cancer-free patients.

For many cancer patients, it is not possible to pre-
dict for how long a patient will remain at a significantly
increased risk of VTE recurrence, which may require
so-called “indefinite anticoagulant therapy”, for exam-
ple in patients with deep vein thrombosis and active
cancer. In any patient requiring extended anticoagulant
therapy, the risk of bleeding complications and the
potential benefits of treatment should be re-evaluated
periodically.

A Cochrane meta-analysis published by Akl
et al. [233], based on the evaluation of the results of
7 prospective RCTs comparing LMWH treatment with
extended oral VKA treatment, a statistically significant,
almost 50% reduction in the risk of VTE recurrence
was shown in the group treated with LMWH (HR 0.47;
95% C10.32-0.71), with a comparable risk of major and
minor bleeding complications in both groups of patients.
Similar conclusions indicating a significant reduction of
the risk of VTE recurrence and no effect on the increase
of bleeding events in cancer patients receiving extended
treatment with LMWH can be found in the previously
published meta-analysis by Louzad et al. [234].

The optimal duration of LMWH treatment in pa-
tients with DVT associated with cancer is still unknown.
The aim of the DALTECAN study was to establish the
safety of CAT treatment with dalteparin for 6 to 12
month. Of the 334 patients enrolled in the study, 185
and 109 patients were treated for 6 and 12 months,
respectively. In this group, 49.1% of patients were
diagnosed with DVT, 38.9% had pulmonary embolism,
and 12.0% of patients had both disorders. The overall
incidence of major bleeding was 10.2% (34/334). Bleed-
ing events occurred in 3.6% (12/334) of patients in the
first month of treatment and with a frequency of 1.1%
(14/1237) and 0.7% (8/1086) per patient per month

between 2nd and 6th month and between 7th and |2th
month, respectively. Recurrent VTE was reported in
I'1.1% (37/334) of patients, and the incidence was 5.7%
(19/334) in the first month, 3.4% (10/296) between 2nd
and 6th month and 4.1% (8/194) between 7th and |2th
month. During the study, | 16 patients died, including
4 deaths due to VTE recurrence and 2 deaths due to
bleeding. The incidence of major bleeding was reduced
after 6 months of treatment with dalteparin. The risk
of bleeding complications such as major bleeding and
recurrent VTE was highest in the first month of treat-
ment, and then decreased over the next || months
[205]. The result of this study confirmed the results of
the CLOT study, demonstrating the efficacy and safety
of extended use of dalteparin in CAT patients.

In the light of the currently available data, the deci-
sion to extend treatment after 3—6 months — either by
continuing treatment with the previously used drug or
by switching to another drug — should be considered
on a case-by-case basis. Both the risk of recurrence
and potential complications should be taken into ac-
count each time (including events that have already
occurred during the current treatment) as well as the
patient’s preferences (e.g. the drug taken once or twice
a day, or avoiding the need for injections). Important
from a practical point of view are the results of the
meta-analysis by Ferretti et al. [235], which showed
that the beneficial effect of LMWH on the reduction
of the rate of VTE recurrences compared to traditional
anticoagulant therapy is maintained only during the use
of LMWHs and is not extended to the period after the
end of treatment.

In the pivotal studies evaluating DOACs in the
treatment of VTE, there were only a small proportion
of patients with CAT [5% in the RECOVER study (da-
bigatran), 6.8% in the EINSTEIN study (rivaroxaban),
and |.1-1.8% in the AMPLIFY-EXT study (apixaban)].
A meta-analysis of 9 RCTs (2310 CAT patients treated
with DOAC:s) was performed. Compared with VKA,
LMWH showed a significant reduction in VTE recur-
rence rate (RR 0.52; 95% CI 0.36-0.74), which was
not found for DOAC (RR 0.66; 95% CI 0.39-1.11)).
LMWH administration was associated with a non-sig-
nificant increase in the risk of major bleeding (RR
1.06; 95% Cl 0.5-2.23), whereas patients receiving
DOAC showed a non-significant reduction in bleeding
(RR 0.78; 95% CIl 0.42—1.44) compared with an oral
anticoagulant. The annual risk of VTE recurrence and
major bleeding in patients in the VKA group was higher
compared with LMWH and DOAC [216]. Brunetti et
al. [236] performed a meta-analysis of two RCTs in pa-
tients with VTE, which included a subgroup of cancer
patients. They showed that the number of recurrences
in DOAC-treated patients was similar to that of patients
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treated with LMWH (OR 0.96; 95% Cl, 0.52-1.75), but
the use of oral medications was associated with a higher
risk of bleeding (OR, 2.72; 95% ClI, 1.05-7.01) [236].
An earlier network meta-analysis (performed in 2015)
comparing DOAC and LMWH showed no differences
between the two drugs in terms of VTE recurrences
or bleeding [237].

To date, there were 9 meta-analyzes comparing
DOAC with VKA in patients with VTE, in which CAT
patients were only subpopulations [218, 236-244]. The
drugs analyzed were rivaroxaban, apixaban, dabigatran
and edoxaban. In all but one meta-analysis, the risk of
VTE recurrence and the risk of major bleeding did not
differ significantly between the treatment groups. It
should be noted that the majority of cancer patients
participated in these studies after completion of can-
cer treatment, and therefore these results cannot be
considered equivalent to studies evaluating the use of
DOAC in patients with CAT.

In a paper published in 2014, the indications for
extended (by another 6 months) treatment of LMWH
in patients with CAT and thromboembolic material
found in veins after the initial 6 months of nadroparin
treatment (97 1U/kg twice daily) were assessed. Patients
with residual thrombosis were randomly assigned to
2 groups: continuation of treatment (119 patients) or
discontinuation of anticoagulation (123 patients). In
patients with complete recanalization, anticoagulation
was discontinued (105 patients). The groups did not
differ significantly in terms of the occurrence of ma-
jor bleeding. Patients with residual thrombosis had
a higher risk of recurrent VTE than those who did not
have thrombotic material in their veins, whether or not
they received 6-month prolonged LMWH prophylaxis
[244]. In a multicenter, prospective cohort study of
nearly 45,000 patients with VTE, 4,125 patients with
CAT were identified. The analysis in this group showed
that the proportion of patients with fatal recurrent
pulmonary embolism and those with fatal bleeding was
similar during the first 3 months of anticoagulation. After
3 months, the number of fatal complications associ-
ated with recurrent pulmonary embolism decreased,
whereas the rate of fatal bleeding did not change [245].

Limited information is available about the risks and
benefits of anti-coagulation for more than 6 months in
cancer patients. Continuation of anticoagulant therapy
beyond 6 months should be considered only in selected
patients due to the persistently high risk of recurrence
in people with active cancer. The decision to continue
anticoagulation must be balanced against bleeding risk,
treatment costs, quality of life, life expectancy, and
patient preferences [246].

In the single-arm DALTECAN study (ClinicalTri-
als.gov ID: NCT00942968), 109 out of 334 patients

included completed 12 months of dalteparin therapy
[205]. The risk of major bleeding was highest in the first
month of treatment (3.6%), then decreased to 1.1%
per patient-month in months 2—6 and 0.7% in months
7—-12. The risk of VTE recurrence was 5.7% in month
I, 3.4% in months 2—-6, and 4.1% in month 7—12.
LMWH use over a 6-month period was also assessed
in the single-arm TiCAT trial [247]. Of the 247 patients
enrolled, 136 completed the |2-month treatment with
tinzaparin. The rate of clinically significant bleeding was
0.9% per patient-month in months -6 and 0.6% in
months 7—12 [248].

In the DOAC group, only edoxaban was evaluated
for over 6 months in CAT patients [219].

Before the DOAC era, acetylsalicylic acid (ASA) was
widely studied for the prevention of recurrent VTE. In
a pooled analysis of two large RCTs, the rate of DVT
recurrence was |3.8% in the ASA group and 19.1% in
the placebo group (HR 0.68, 95% CI 0.51-0.90; p =
0.007) [249, 250]. This drug has not been evaluated in
the group of patients with CAT, and despite the bene-
fits of extended therapy with VTE over placebo at the
time of DOAC availability, it is not recommended for
secondary prevention in this group of patients.

Although there are currently no data from RCTs in
the group of cancer patients, in those at high risk of
bleeding complications, the use of sulodexide should
be considered to continue long-term therapy, after as-
sessing both the benefits and risks of therapy [250, 251].

The results of many clinical trials to date have
shown the multidirectional effect of sulodexide on the
hemostatic system, including reduction of thrombin
generation, profibrinolytic activity and inhibition of the
formation of procoagulant microparticles. Its beneficial
effects on blood viscosity and lipid levels have also been
documented [252-257]. Sulodexide is recommended
for various indications in current guidelines, including
the 2019 guidelines of the European Society of Cardi-
ology (ESC) [259] on the management of pulmonary
embolism and the recommendations contained in the
2017 Polish Consensus [260] on the treatment of VTE,
in which the use of sulodexide as an alternative anti-
coagulant drug in prolonged anticoagulant prophylaxis
is recommended due to the favorable safety profile
of this therapy. These recommendations were based
on a double-blind RCT (SURVET) in 615 patients with
their first unprovoked episode of VTE who completed
a 3—-12-month treatment with an oral anticoagulant.
Patients were randomly assigned to treatment with
sulodexide at a dose of 500 lipasemic units twice daily
or placebo for 2 years in combination with compression
stockings [26 |]. Venous thromboembolism recurred in
I5 of 307 patients who received sulodexide and 30 of
308 patients who received placebo (RR 0.49; 95% CI
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Table 12. Dosing of anticoagulation drugs in deep vein thrombosis in patients with cancer-related thrombosis [adapted from 10]

Treatment of established VTE

Initial UFH 80 U/kg IV bolus, then 18 U/kg IV and adjust a dose based on aPTT
Dalteparin 100 U/kg every 12 hours
200 U/kg once daily
Enoxaparin | mg/kg every 12 hours
I.5 mg/kg once daily
Tinzaparin 175 U/kg once daily
Fondaparinux < 50 kg: 5.0 mg once daily
50-100 kg: 7.5 mg once daily
> 100 kg: 10 mg once daily
Rivaroxaban |5 mg orally every 12 hours for 21 days
Apixaban 10 mg orally every 12 hours for 7 days
Long term Dalteparin 200 U/kg once daily for | month, then 150 U/kg once daily
Enoxaparin .5 mg/kg once daily
| mg/kg every 12 hours
Tinzaparin 175 U/kg once daily
Warfarin Adjust dose to maintain INR 2-3
Rivaroxaban 20 mg once daily (with food)

Edoxaban Needs at least 5 days of parenteral anticoagulation prior to its start, then switch to edoxaban
60 mg orally once daily or 30 mg orally once daily in those weighing < 60 kg, who have
creatinine clearance between 30 and 50 mL/min, or who need concomitant use
of a P-glycoprotein inhibitor

Apixaban 5 mg twice daily

aPTT — activated partial thromboplastin time; INR — international normalized ratio; UFH — unfractionated heparin; VTE — venous thromboembolism

0.27-0.92, p = 0.02). There were no episodes of major
bleeding, and clinically significant bleeding episodes
were reported in 2 patients in each group. The adverse
events were similar in both groups. Sulodexide admin-
istered after discontinuation of anticoagulant therapy
was found to reduce the risk of recurrence in patients
with unprovoked VTE, without a marked increase in
the risk of bleeding. When discussing the results of the
SURVET study with sulodexide, it should be noted,
however, that the assessed population of patients with
VTE did not include those with CAT.

Based on the available data, it can be assumed that
if CAT patients have active cancer or are on active
treatment for more than 6 months, continued antico-
agulation is the current standard of care as the risk of
recurrence is considered high. The drugs used in the
treatment of CAT and their dosing are listed in Table 12.

4.6. Recommendations — secondary prophylaxis

Recommendation 4.6.1

Drugs suggested for secondary prophylaxis of VTE
in cancer patients are LMWH, DOAC or VKA. When
deciding on secondary prophylaxis, risk factors should
be analyzed, including active cancer (the presence

of metastases) and oncological treatment (especially
chemotherapy). The decision on the method of further
anticoagulant therapy (LMWH, VKA, DOAC) should
be made on the basis of an individual risk-benefit
assessment of proposed treatments and the patient’s
preferences [2C].

Recommendation 4.6.2

In all patients receiving anticoagulant therapy for
cancer-related VTE, periodic assessment of the risk
of bleeding and the potential benefit-risk balance of
continuing anticoagulant therapy, taking into account
patients’ preferences, is suggested [2C].

Recommendation 4.6.3

In cancer patients with VTE, it is suggested to con-
tinue anticoagulant therapy as long as the risk factors
for recurrent VTE persist (including active cancer) or
when the risk of continuing anticoagulant treatment
outweighs the potential benefits [2C].

Recommendation 4.6.4
In patients at high risk of bleeding complications,
sulodexide may be considered as secondary prevention

of CAT [GPS].
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4.7. Treatment of recurrent venous thrombo-

embolism in cancer patients
In the event of recurrence of CAT in patients receiv-

ing anticoagulant therapy, the type and quality of current
treatment as well as other potential factors for disease
recurrence should be assessed. None of the above
methods of anticoagulant therapy result in a complete
lack of recurrence of VTE during the treatment. If recur-
rent VTE is diagnosed, it is suggested to consider one of
the following methods of treatment after an individual
assessment of the risks and benefits of the treatment:

— in patients using oral VKA anticoagulants: switch to
low-molecular-weight heparin or DOAC at the full
therapeutic dose;

— in patients on long-term treatment with low-mo-
lecular-weight heparin at the full therapeutic dose:
increase the dose of low-molecular-weight heparin
by 20-25%

— in patients using DOAC: switch to LMWH,;

— consider insertion of an inferior vena cava filter in
the case of recurrent VTE in the form of pulmonary
embolism in patients properly treated with antico-
agulants (and continuation of treatment) [14].

Chapter 5. Prevention and treatment of
cancer-related venous thromboembolism
in children - general recommendations

Previously published international guidelines for the
treatment of cancer-related VTE in children, including
2018 ASH guidelines, did not take into account the
results of RCTs (such as the EINSTEIN Junior study in
children of 0—17 years of age with acute VTE treated
with rivaroxaban [262] or DIVERSITY study in children
aged 3 months to |2 years receiving dabigatran for sec-
ondary VTE prophylaxis [263]) that showed efficacy in
preventing recurrent thrombosis without significantly
increasing bleeding risk both in children with cancer
and in those with central catheter-related thrombosis.
In addition, the data available to date have shown that
oral direct anticoagulants are at least as effective as
traditional anticoagulants [264].

5.1. Treatment of cancer-related venous
thromboembolism in children

Clinical question 5A. What is the best treatment for
children with cancer-related VTE to prevent recurrence
of VTE?

Recommendation 5.1.1

Anticoagulants are recommended for the treat-
ment of VTE and should be used in accordance with
the manufacturer’s recommendations and registration
documents [IC].

Recommendation 5.1.2

The risk of bleeding should always be assessed in all
children receiving anticancer therapy with or without
a central catheter [ A].

Recommendation 5.1.3
LMWHs or UFHs are routinely recommended in
children with cancer and acute VTE [IA].

Recommendation 5.1.4

In a selected group of children with CAT (0-18 years
of age) at low risk of bleeding or thrombocytopenia and
in the absence of drug interactions, it is recommended
to consider rivaroxaban or dabigatran [|B].

Recommendation 5.1.5

In the presence of risk factors for bleeding compli-
cations, including recent major bleeding, abnormal renal
function, gastrointestinal symptoms that interfere with the
absorption of oral medications, tumor location in the gen-
itourinary system or a gynecological cancer, thrombocyto-
penia (< 100,000/uL) or a high probability of its occurrence
and uncontrolled coagulopathy, it is recommended to treat
VTE in pediatric cancer patients with LMWHs or UFHs,
unless there are contraindications to pharmacotherapy or
a high risk of bleeding complications [|B].

Recommendation 5.1.6

Due to the increased risk of major bleeding in gastrointes-
tinal cancer and, potentially, in genitourinary cancer, LMWHs
are recommended over DOAC:s for the treatment of VTE
in pediatric cancer patients. DOACs should be used with
caution in patients with a high risk of mucosal bleeding [ A].

Recommendation 5.1.7

LMWHs are the drugs of choice in patients with im-
paired renal function and should be used in accordance
with the SmPC [IA].

Recommendation 5.1.8

When treating VTE in children with cancer, interac-
tions between anticoagulants, especially DOACs, and
anticancer therapy and supportive therapy should be
taken into account [1A].

Recommendation 5.1.9
In the case of simultaneous use of drugs that are

strong inhibitors or inducers of P-glycoprotein or
CYP3A4, the use of LMWH is recommended [ A].

Recommendation 5.1.10
Incidental VTE in children receiving oncological

treatment should be treated in the same way as symp-
tomatic VTE [2B].
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Table 13. Dosing of primary anticoagulation drugs in children

LMWH — dose adjustment in children

Treatment of acute VTE with enoxaparin

The dose depends on age

Enoxaparin <2 months of age > 2 months of age

I.5 mg/kg every 12 hours | mg/kg every |12 hours

Treatment of acute VTE with dalteparin

Dalteparin < 2 months of age > 2 months of age
150 1U/kg every 24 hours 100 1U/kg every 24 hours
LMWH monitoring Target range: anti-Xa between 0.5 and | U/mL in samples taken 4 hours after the last

subcutaneous injection

VTE — warfarin/acenocoumarol
Initiate VKA with LMWH; Discontinue LMWH when INR exceeds 2.0

VKA monitoring

Therapeutic dose to maintain INR within the range of 2.0-3.0

Rivaroxaban

The recommended dose of rivaroxaban

administer after at least 5 days of parenteral anticoagulation treatment

in children and adolescents from full-term
newborns (following at least 10 days of oral
feeding and weighing at least 2.6 kg)

to children weighing <30 kg (granules

| mg/mL) (Table 14)

Body weight 30-50 kg

Body weight > 50 kg

|5 mg/day

20 mg/day (maximum dose in children)

Dabigatran

The dose depends on age and weight (capsules or suspension) (Table 15)

LMWH — low-molecular-weight heparin; INR — international normalized ratio; VKA — vitamin K antagonist; VTE — venous thromboembolism

Recommendation 5.1.11

It is suggested that the decision regarding the treat-
ment of isolated subsegmental pulmonary embolism or
visceral vein thrombosis in children with cancer should
be made on a case-by-case basis, taking into account
potential benefits and complications [2C].

Recommendation 5.1.12
LMWHSs or DOAC:Ss should be used for at least 6
months [ A].

Recommendation 5.1.13

For long-term anticoagulation, LMWHs or selected
DOAGC:s for at least 6 months are preferred over VKAs
[2C].

Recommendation 5.1.14

It is suggested that the decision to continue treat-
ment after 6 months should be made on the basis of an
individual benefit-risk assessment, drug tolerability and
availability, patient preferences and cancer activity [2B].

Recommendation 5.1.15

In selected cases, in children with CAT, targeted
thrombolysis or thrombectomy can be considered,
depending on the expertise and experience of the
medical center as well as availability and feasibility of
these treatments, based on an individual benefit-risk
assessment [2C].

Recommendation 5.1.16

In children with cancer, treatment of central cath-
eter-related thrombosis should follow the general
guidelines [2B].

Pediatric doses of anticoagulants are shown in
Table 13.

Comment

Due to the variety of clinical situations, ages of
children, types and locations of cancer, therapy with
the risk of thrombocytopenia and individual risk factors
for recurrence of a thrombotic event and the occur-
rence of bleeding complications, the choice of the drug

92 www.journals.viamedica.pl/acta_angiologica



Zbigniew Krasinski et al., Prevention and treatment of venous thromboembolism in cancer patients treated surgically

Table 14. Dosing of rivaroxaban in children — recommended dose for rivaroxaban in pediatric patients from full-term neonates (following at
least 10 days of oral feeding and weighing at least 2.6 kg) to children weighing less than 30 kg (granules | mg/mL) [265]

Body weight [kg] Rivaroxaban dosing regimen Total daily Suitable blue
dose syringe
1 mg rivaroxaban corresponds to 1 mL of the suspension
Min. Maks. Once a day 2 times a day 3 times a day
26 <3 0.8 mg 24 mg I mL
3 <4 0.9 mg 2.7 mg I mL
4 <5 |.4 mg 4,2 mg 5mL
5 <7 |.6 mg 4.8 mg 5mL
7 <8 |.8 mg 5.4 mg 5mL
8 <9 24 mg 7.2 mg SmL
9 <10 2.8 mg 8.4 mg SmL
0 <12 3.0mg 9.0 mg S5mL
12 <30 5mg 10 mg 5mLor 10 mL
30 <50 I5mg I5 mg 10 mL
>50 20 mg 20 mg 10 mL

Table 15. Dosing of dabigatran — a single dose of dabigatran in milligram by weight in kilograms [kg] and age in years of the patient to be ad-
ministered twice daily [266]

Weight [kg] Wiek w latach
> 8|
71 to 81 300 mg (two 150 mg capsules or four 75 mg capsules)
6lto <7l
51 to <6l 260 mg (110 mg plus 150 mg)
4| to <51 220 mg (2 x 110 mg)
31 to < 4l 185 mg (75 mg plus |10 mg)
26 to < 31 150 mg (I x 150 mg or 2 x 75 mg)
21 to <26
16to < 2| I x 110 mg
13to< 16
Ilto< 13 I x 75 mg

Means that no dosing recommendation can be provided

should be individualized. Thromboembolic lesions are
not often observed in children and are secondary to
other diseases. They are very often associated with the
presence of a central catheter. Children with cancer are
at increased risk of VTE. Clinical symptoms are diverse,
depending on the location and extent of the disease.
The main medications for thrombosis in children
are LMWHSs and UFHs. Tissue plasminogen activator is

the drug of choice with thrombolytic activity but with
limited indications.
For all children with cancer, an individual VTE risk
assessment is recommended, including:
— surgical treatment (especially extensive surgery) and
prolonged postoperative immobilization;
— chemotherapy, anti-cancer treatment (e.g., aspara-
ginase, corticosteroids);
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— central lines or ports;

— the type, location and stage of the cancer;

— obesity;

— idiopathic thrombosis (congenital thrombophilia,
mutations of coagulation factors with a prothrom-
botic effect, antibodies present in the antiphospho-
lipid syndrome).

Treatment of VTE in children is in most cases not
evidence-based, as clinical trials in pediatric popula-
tions and studies with anticoagulants have not been
performed extensively, especially in children with can-
cer. For this reason, treatment guidelines are mainly
extrapolated from adult studies. However, the patho-
physiology of VTE, changes in the hemostatic system,
and underlying diseases and their treatment in children
differ significantly from those in adults [7, 267]. It also
means that the risk of complications of anticoagulation
therapy, such as the risk of bleeding, may differ from
that of adult patients [268-271]. The current standard
of care in the treatment of VTE in children includes
LMWHs (enoxaparin, nadroparin, dalteparin), UFH and
VKAs (warfarin, acenocoumarol), as well as in a selected
group of children from birth to 18 years of age — rivar-
oxaban and dabigatran. The randomized phase lll trial
EINSTEIN Junior (age 0-17, n = 500) documented that
in children with acute VTE, treatment with rivaroxaban
resulted in a similarly low risk of recurrent thrombosis
(4/335vs. 1/165, HR0.40; 95% CI 0.1 1-1.41) without
increased risk of bleeding (major or clinically significant
bleeding (10/329 vs. 3/162, HR 1.58; 0.51-6.27) com-
pared with standard anticoagulants (LMWH/VKA). In
the EINSTEIN Junior study, 12% (40/335) children with
active cancer receiving revaroxaban were compared
with 10% (16/165) receiving standard anticoagulant
therapy, including the subgroups of patients with he-
matological malignancies (7%) and with solid tumors
(3-4%) [262]. These results proved that rivaroxaban
is effective and safe in the treatment of acute VTE in
children with cancer. On June 21, 2021, the American
Food and Drug Administration (FDA) approved the use
of dabigatran in children from 3 months to 12 years of
age for secondary VTE prophylaxis based on the phase
Il DIVERSITY study, in which hematological cancers and
cases with central venous access device (CVAD) were
5.5% (11/196) each [263]. Published phase | to IV pediat-
ric studies with DOAC:s included 1007 children receiving
VTE prophylaxis or VTE treatment, and the results of the
last three phase Il studies, in particular with rivaroxaban
and dabigatran, have shown that these agents are at least
as effective as traditional anticoagulants [264].

In addition, depending on the standard of care as
well as expertise and experience of the center, local
thrombolysis and/or thrombectomy may be available
and performed.

The most important risk factor for the develop-
ment of VTE in children with cancer who receive
oncological treatment is CVAD, which is necessary
due to the limited intravenous access in the pediatric
population. Peripherally inserted central catheters
have been documented to pose a greater risk than
tunnelled catheters [272, 273]. If symptomatic throm-
bosis occurs and the child who requires CVAD is in
good condition, it is suggested, based on the ASH 202 |
guidelines for adults, to keep the CVAD (which is in
line with the CHEST guidelines) and to start anticoag-
ulant treatment. The CHEST guidelines recommend
LMWH or UFH for at least 6 weeks to 3 months as
anticoagulant treatment. In the EINSTEIN Junior study,
CVAD-related thrombosis was identified and treated
in 90/335 (27%) patients in the rivaroxaban arm and
37/165 (22%) patients in the standard anticoagulation
arm [274].

When chosing anticoagulation in pediatric cancer pa-
tients, the risk of bleeding should be taken into account,
including the following factors: recent major bleeding,
abnormal renal function, gastrointestinal symptoms that
interfere with the absorption of oral medications, tumor
location in the genitourinary system or a gynecological
cancer, thrombocytopenia (< 100,000/uL) and decom-
pensated coagulopathy. A subanalysis of the EINSTEIN
Junior study showed a low risk of VTE recurrence and
clinically significant bleeding in the pediatric group with
cerebral venous sinus thrombosis, including children
with active cancer receiving rivaroxaban [7/73 (9.6%)]
V. 2/41 (4.9 %) of patients in the standard anticoagu-
lation group] [275].

Many cytostatics can increase the risk of gas-
trointestinal toxicity, including high-dose alkylating
agents (e.g., antimetabolites: cytarabine, methotrex-
ate), programmed death | receptor inhibitors (e.g.,
nivolumab), and antimitotic drugs (e.g., vinblastine,
vincristine) (Tab. 10). Anticoagulant drug interactions
with anti-cancer therapy and supportive care should
also be considered. Oral anticoagulants, both VKAs
and DOAC:s, have potential drug interactions with
co-administered drugs affecting the P-glycoprotein
transporter (minor inteactions for VKAs but more
significant for DOACs) or with inhibitors of CYP3A4
[10, 276, 277].

In the event of significant drug interactions, the use
of LMWHs is indicated.

5.2. Prevention of cancer-related venous
thromboembolism in children

Clinical question 5B. Is thromboprophylaxis indi-
cated in children with neoplastic disease who are
scheduled for surgery?
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Recommendation 5.2.1

In all children undergoing oncological treatment, it is
always recommended to weigh the benefits and risks of
anticoagulant prophylaxis before planned surgery [1 A].

Recommendation 5.2.2

In the absence of contraindications, pharmacolog-
ical antithrombotic prophylaxis is recommended in all
children with a history of cancer-related or unrelated
DVT undergoing major surgery [IC].

Recommendation 5.2.3

In pediatric oncological patients without a history
of VTE, undergoing major surgery, with a low risk
of bleeding and coexisting significant risk factors of
thrombosis requiring prophylaxis, it is suggested to
use pharmacological, not mechanical prophylaxis [2C].

Recommendation 5.2.4

In pediatric oncological patients without a history of
VTE, undergoing minor or laparoscopic surgery, with a
low risk of bleeding and without coexisting risk factors of
thrombosis, it is suggested that antithrombotic prophy-
laxis be used when justified after an individual assessment
of the benefits and risks of such treatment [2C].

Recommendation 5.2.5
LMWH is recommended in children with cancer

who are scheduled for surgery and prophylaxis is
justified [1B].

Recommendation 5.2.6

If prophylaxis is indicated, it is recommended to initi-
ate treatment before surgery or as soon as possible after
surgery, taking into account the risk of bleeding [1B].

Comment

Although in the adult population as much as 20%
of all new VTE cases are caused by surgery [278], and
the risk of VTE is significantly increased for at least 12
weeks after major surgery, data for the pediatric pop-
ulation, especially children with cancer, are still lacking.
Risk factors such as advanced cancer, the presence of a
central venous catheter, injury, extensive surgery, and
comorbidities may increase the incidence of VTE. When
the risk of VTE is high, pharmacological prophylaxis is
often initiated, for example with low molecular weight
heparin. However, the initiation and duration of VTE
prophylaxis depends on the patient’s risk factors for
thrombosis and contraindications to anticoagulant ther-
apy, such as bleeding. Although many studies have been
conducted in recent years to assess the most appropri-
ate type, risk factors and duration of VTE prophylaxis,
more studies are needed to develop optimal guidelines

for reducing the risk of VTE in children with cancer who
are scheduled for surgery.

Chapter 6. Treatment of pulmonary
embolism in cancer patients

Treatment of acute pulmonary embolism in patients
with coexisting cancer is a difficult clinical challenge due to
the fact that it is often performed simultaneously with the
treatment of the underlying disease. For the sake of clarity,
whenever we mention the term pulmonary embolism
(PE), we mean acute pulmonary embolism. The prognosis
for cure and deontological issues are also important. There
is a high risk of bleeding complications due to a disorder
common in these patients — thrombocytopenia — which
is especially dangerous in patients with acute PE who are
mainly treated with various forms of anticoagulant therapy.

When planning acute PE treatment in this group
of patients, the type and biology of cancer (including
thrombogenicity), tumor location (e.g., gastrointestinal
tract or central nervous system), and the presence of
metastases should also be taken into account. Thera-
peutic decisions are also influenced by the increased
incidence of DVT in cancer patients, a higher frequency
of recurrences and a high risk of bleeding complications.

The latest European and American guidelines em-
phasize the importance of creating in-hospital multidis-
ciplinary teams to coordinate the treatment of patients
with acute PE (PERT, pulmonary embolism response
team) [279-281].

It seems necessary that such a team includes an
oncologist who can determine the clinical stage and
thrombogenicity of the tumor, anticancer therapy and
the risk of bleeding, which will facilitate the optimization
of PE treatment. It is worth noting that in the nation-
wide PERT registry, cancer patients accounted for over
20% of all consulted and treated patients [281, 282].

Before starting treatment, the patient’s hemo-
dynamic status must be determined and a clinical
evaluation performed using the pulmonary embolism
severity index (PESI) or its simplified version (sPESI)
[279]. Assessment of right ventricular overload by
echocardiography or computed tomography (right
ventricle-to-left ventricle diameter ratio) and the levels
of cardiac troponin and possibly natriuretic peptide
(NT-proBNP) are also important.

Based on these studies, patients are classified as having
low, intermediate-low, intermediate-high or high risk PE.
This is the basis for the choice of appropriate therapy [279].

6.1. Treatment in the acute phase
of pulmonary embolism

Anticoagulation is the treatment of choice in patients
with low- and intermediate-risk PE. Earlier clinical
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trials demonstrated the advantage of using low-molec-
ular-weight heparins, especially dalteparin, over VKA
treatment in oncological patients. LMWHSs have become
the standard of care for the treatment of VTE, although
its use is associated with daily subcutaneous injections.

In recent years, the results of RCTs such as SE-
LECT-D, Hokusai-VTE-Cancer and Caravaggio have
been published, which assessed the efficacy and safety
of DOAC:s in patients with cancer and coexisting
thromboembolism compared to dalteparin [220, 222,
283]. The SELECT-D study enrolled patients with active
cancer who developed symptomatic PE, asymptomatic
PE, or symptomatic proximal DVT of the lower limb
[220]. Half of the patients were administered dalteparin
(200 1U/kg daily for the first month, then 150 1U/kg daily
for months 2 to 6) and rivaroxaban in the other arm of
the study (15 mg twice daily for 3 weeks, then 20 mg
once daily for 6 months in total). Rivaroxaban was as
effective in preventing VTE recurrence as dalteparin,
but its use was associated with a significantly higher risk
of bleeding, especially in patients with gastrointestinal
malignancies. Similar results were obtained in the
Hokusai-VTE-Cancer study, which assessed edoxaban
versus dalteparin [283]. The most recent study with a
direct factor Xa inhibitor, which is used in the secondary
prevention of thromboembolism in cancer patients,
is the CARAVAGGIO study comparing apixaban with
dalteparin [222]. There was no increase in the risk of
major bleeding, especially in the gastrointestinal tract.
The results of the Caravaggio study increase the pro-
portion of cancer-related thrombosis patients eligible
for treatment with oral direct anticoagulants, including
patients with gastrointestinal cancer. It can be presumed
that this study will change the recommendations and
apixaban will also be approved for use in the treatment
of pulmonary embolism in patients with gastrointestinal
cancers.

In patients with high-risk PE, in the absence of
contraindications, systemic thrombolysis remains the
treatment of choice [279]. In cancer patients, the risk
of significant bleeding complications is usually much
higher, especially in cancers of the gastrointestinal tract
or CNS tumors (including metastatic tumors). Patients
are often just after or before major surgery.

All of the above factors make patients more likely
to have true or presumed, relative or absolute con-
traindications to thrombolytic therapy. However, more
difficult in these patients is the decision to perform
extensive cardiac surgery (surgical embolectomy) in
extracorporeal circulation. Therefore, it seems that (in-
vasive) catheter-directed thrombolysis (CDT) should be
considered more often in cancer patients with EP [281].
Currently, transcatheter therapy is indicated in high-risk
patients, in patients with contraindications to systemic

thrombolytic therapy and when surgical embolectomy
is impossible; however, in high-risk intermediate pa-
tients, this type of therapy may be considered at the
time of hemodynamic deterioration as an alternative to
thrombolysis or surgical embolectomy [279].

According to recently published Polish recommen-
dations on the functioning of PERTs, CDT should also
be considered in high-risk patients, when there is no
clinical improvement for a long time despite anticoagu-
lation [279]. Therefore, it seems that CDT may in many
cases be a chance for successful thrombus clearance,
recanalization of pulmonary arteries, and clinical stabi-
lization of patients with high- or intermediate-high-risk
PE. Treatment may include transcatheter mechanical
thrombectomy (most commonly aspiration or rheolytic
thrombectomy), thrombus fragmentation, or low dose
transcatheter thrombolysis [284].

It is also possible to use a combination of mechan-
ical and pharmacological methods, such as mechanical
thrombectomy and low-dose thrombolysis (pharma-
comechanical treatment) [284, 285].

6.2. Management in the chronic phase
of pulmonary embolism

As the risk of another episode of pulmonary embo-
lism in patients with cancer is three times higher than
in the general population, the duration of anticoagulant
use should be individualized for each patient.

The duration of treatment should take into ac-
count the type of cancer (e.g., pancreatic and gastric
tumors are more thrombogenic), the risk of bleeding,
and the type of anticancer therapy administered (drug
interactions). Six months is considered the minimum
duration of treatment for a first episode of acute PE,
although it is also believed that the patient should be
on the anticoagulant for the entire duration of “active
neoplastic disease”. However, it is often difficult to tell
when the cancer is cured.

It should also be remembered that patients receiving
DOAC:s during chemotherapy/radiotherapy should be
treated with antiemetics and a temporary switch to
low-molecular-weight heparin in the event of vomiting
lasting more than 2 days should be considered (Fig. 2).
DOAC:Ss should not be used when gastrointestinal ob-
struction is suspected.

A slightly different group of patients are cases of
incidental detection of thrombus in the pulmonary
arteries during the control CT scan of the chest. Ac-
cording to the ESC guidelines, such patients should be
treated in the same way as patients with symptomatic
acute PE if the lesions are located in segmental arter-
ies or more proximally, in numerous subsegmental
arteries, or if the lesions are accompanied by deep
vein thrombosis [279].
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Table 16. Initial anticoagulant therapy in patients with pulmonary
embolism and concomitant neoplasm

Initial therapy

Table 17. Primary treatment and secondary antithrombotic preven-
tion in patients with pulmonary embolism and coexisting cancer

Primary treatment and secondary prevention

aPTT — activated partial thromboplastin time

6.3. Recommendations for the treatment of
pulmonary embolism in cancer patients

Recommendation 6.3.1

UFH, LMWH, fondaparinux, rivaroxaban or apixaban
are recommended in the initial treatment of acute pul-
monary embolism in patients with cancer (Table 16) [1A].

Recommendation 6.3.2

LMWH, rivaroxaban, edoxaban, apixaban and VKA
are suggested in the primary treatment and prophylaxis
of patients with cancer (Table 17) [2B].

Recommendation 6.3.3

It is suggested that the anticoagulant treatment be
extended beyond 6 months indefinitely or until the
cancer is cured [2B].

Recommendation 6.3.4

It is suggested that patients receiving DOACs during
chemotherapy/radiotherapy should be treated with
antiemetics and a temporary switch to low-molecu-
lar-weight heparin in the event of vomiting lasting more
than 2 days should be considered [2B].

Recommendation 6.3.5

In high-risk pulmonary embolism, systemic throm-
bolytic therapy is recommended [ B]. Surgical pulmo-
nary embolectomy is recommended in patients with
pulmonary embolism and contraindications to systemic
thrombolytic therapy or in the case of its ineffectiveness
[IC]. The use of percutaneous catheter-based methods
to restore the patency of the pulmonary arteries is sug-
gested in patients with high-risk pulmonary embolism,

Unfractionated 80 IU/kg IV bolus, 18 U/kg/hour IV and Dalteparin 200 U/kg once daily for | month, then 150 U/kg
heparin adjust a dose based on aPTT Enoxaparin | 1.5 mg/kg once daily
Dalteparin 100 U/kg every 12 hours | mg/kg every 12 hours
200 U/kg once daily Warfarin To maintain INR 2.0-3.0
Enoxaparin | mg/kg every 12 hours Rivaroxaban | | X 20 mg/day (consider |15 mg/day if increased
1.5 mg/kg once daily risk of bleeding)
Fondaparinux < 50 kg: 5.0 mg once daily Edoxaban ?0<m6g() dlily or 30 mg/day:
50-100 kg: 7.5 mg once daily . creatinie clearens 30-50 mL/min
> 100 kg: 10 mg once daily * in combination with P-glycoprotein inhibitors
Rivaroxaban 15 mg every 12 hours for 21 days Apixaban 5 mg every 12 hours
Apixaban 10 mg every 12 hours for 7 days INR — international normalized ratio

in whom thrombolytic therapy is contraindicated or
ineffective [2A].

In other patients with pulmonary embolism, in
whom there are potential indications for systemic or
transcatheter treatment, including patients with hemod-
ynamic deterioration during anticoagulation treatment,
indications for this type of therapy should be deter-
mined individually on the basis of current treatment
recommendations included in the relevant guidelines.

Recommendation 6.3.6
Hospital PERTs treating cancer patients with acute
PE should include an oncologist [GPS].

Recommendation 6.3.7

In patients with cancer treated with anticoagulants for
APE, it is suggested to perform periodic check-ups with
an assessment of the risk of bleeding and the potential
balance of treatment benefits vs. the risk of bleeding or
VTE recurrence, taking into account the degree of tumor
progression and the type of anticancer therapy [2C].

Chapter 7. Use of anticoagulants in CAT
treatment in patients with chronic
kidney disease

Renal failure occurring during neoplastic disease ad-
versely affects the treatment of cancer and the course
of the disease itself. Kidney function also worsens with
age. There are many causes of kidney disfunction related
to cancer or its treatment, including: |) prerenal: for
example due to dehydration (nausea and vomiting, diar-
rhea); 2) renal: for example during chemotherapy — drug
nephrotoxicity, tumor infiltration, kidney involvement in
lymphoma; 3) atrophic: for example, tumor infiltration,
lympadenopathy. Renal failure may alter the pharmacoki-
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netics of many drugs, including anticoagulants, but is also
an independent risk factor for bleeding [286].

On the one hand, more than half of cancer patients may
have renal insufficiency, and on the other hand — patients
with renal insufficiency have an increased risk of developing
cancer, estimated at approximately 7% [287-289].

Renal dysfunction is a common complication in can-
cer patients [288]. Launay-Vacher et al. [287, 290-292]
estimated that various degrees of deterioration of
renal function, including failure, are found in 50-60%
of patients with solid tumors, most often of the lung,
breast and prostate cancers.

Renal impairment may lead to the bioaccumulation
of certain anticoagulants, resulting in an increased risk
of bleeding. Low-molecular-weight heparin should be
used with caution in patients with renal failure and
cancer, and are often contraindicated, especially when
CrCl is £ 30 mL/min [293].

Regarding potential bioaccumulation, two of the
currently used drug groups should be discussed sep-
arately: heparins, especially low-molecular-weight
heparins, and DOAC:s.

The data published so far indicate that not all
LMWHs have the same risk of accumulation; in
fact, those with higher molecular weight may be
less dependent on renal elimination (Figure 3)
[294].

Among the available LMWHs, tinzaparin (withdrawn
from the US market) has the highest average molecular
weight, i.e., 6,500 Da [295]. Low-molecular-weight
heparins differ in their molecular weight and anti-Xa/
anti-lla activity (Table 18).

This may be of practical importance. For example,
clinically significant bleeding occurred in 22% (13 out of
59) of patients with moderate renal insufficiency (CrCI
30-50 mL/min) who were receiving a therapeutic dose
of enoxaparin (1 mg/kg every 12 h or 1.5 mg/kg once
daily) for 6 months, and only in 6% of patients (6 out
of 105) with normal renal function (OR: 3.9; 95% ClI:
0.97-15.6; p = 0.055) [296].

The data published so far indicate that not all LM-
WHs have the same risk of accumulation; in fact, those
with higher molecular weight may be less dependent on
renal elimination [292, 293, 295-302]. Figure 4 shows
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Table 18. Mean molecular weight and anti-Xa/anti-lla activities of
heparins

Average/Mean Anti-Xa/anti-lla
molecular weight activity
(Daltons)

Unfractionated 12,000-15,000 1:1
heparin

Dalteparin 5,600-6,400 1.9:1t03.2:1
Enoxaparin 3,500-5,500 3.3:1to5.2:1
Nadroparin 3,600-5,000 2.5:1t04.0:11
Tinzaparin 5,600-7,500 1.5:1t02.5:1

the mechanism of LMWH excretion depending on the
molecular weight.

In a study by Jalal et al. [303] involving 4,684 patients
with various types of cancer, more than half (57.4%) of
patients had abnormal CrCI (defined as <90 mL/min),
whereas in 37.6% of patients CrCl was 60-89 mL/
min, in 18.5% of patients CrCl was 30.59, and 1.3%
CrCl was <30 mL/min. The clinical implications of
such studies suggest that the incidence of renal failure
in cancer patients may be underestimated, especially
as renal function is assessed in most cases on the basis
of serum creatinine (SrCr) levels. A French study by
Launay-Vacher et al. [287] in patients with cancer
showed that 9.2% of patients had an increased SrCr,
while 23% of patients with normal SrCr (< | 10 umol/L)
had CrCl <80 mL/min and had features of impaired
renal function.

In each case, the initial renal impairment may be
exacerbated by anticancer treatment, as these therapies
may be nephrotoxic, especially when used sequentially
or in combination; and in addition, these patients are
often dehydrated. Impaired renal function may translate
into a deterioration of the clinical effects of treatment
in patients treated with anticoagulants, because renal

failure may limit elimination of drugs, potentially leading
to their bioaccumulation, and thus increasing the risk of
bleeding. Anticoagulants are not a homogeneous group
of drugs, they have different pharmacokinetic profiles,
and the risk of bioaccumulation varies between drug
classes as well as between drugs belonging to the same
class (e.g., LMWH).

Unfractionated heparin is cleared from the body at a
dose-dependent rate by the reticuloendothelial system
of the liver, while LMWHs are excreted through the
kidneys [304]. As a result, depending on the dose and
duration of treatment, all LMWHs, such as bemiparin,
dalteparin, danaparoid, enoxaparin, nadroparin, and
tinazaparin, may accumulate more in patients with
impaired renal function than in UFH [304,305].

A post hoc analysis of the CLOT study and a sub-
analysis of the CATCH study provided evidence that
both dalteparin and tinzaparin, although belonging to a
different drug class, have safety profiles similar to VKAs
in patients with CAT. In these 2 studies, the incidence
of bleeding episodes increased significantly when an-
ticoagulants (LWMH or VKA) were administered to
patients with impaired renal function (compared with
those with normal renal function), but when LMWH
was compared with VKA, there was no increase in
bleeding (what to be expected in view of bioaccumu-
lation). Surprisingly, the post hoc analysis of the CLOT
study documented a greater and statistically significant
reduction in recurrent thrombosis with dalteparin in
patients with impaired renal function compared with
the results obtained earlier in the entire CLOT study
population [306].

A post hoc analysis of the CLOT study assessed the
efficacy and safety of long-term treatment with high
doses of dalteparin (therapeutic doses of 150-200 U/
kg/day as opposed to prophylactic doses of 2500-5000
IU/day used in primary VTE prophylaxis) compared
with VKA in patients with cancer and VTE who at the
beginning of the study had normal/slightly impaired

Low-molecular-

-weight heparin Heparin

2000 5000 10000 15000 20000 25000 30000

Molecular weight

Nadroparin/ Dalteparin/
Enoxaparin Tinzaparin Heparin
FLEALE L MW 4300/4500 MW 6200/6500 B I
elimination elimination

Figure 4. Mechanism of low-molecular-weight-heparin excretion depending on the molecular weight
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renal function (CrCl > 60 mL/min), moderate renal
impairment (30 < CrCl <60 mL/min) or severe renal
impairment (CrCl < 30 mL/min).

The dose distribution of dalteparin in patients with
renal insufficiency was similar to that in patients with
normal renal function, i.e., no systematic dose reduction
was exercised in patients with impaired renal function
(including patients with severe kidney failure). Of 74
dalteparin-treated patients with renal failure at baseline,
only in one patient the dose was temporarily reduced
due to increased anti-Xa levels. In 91/676 (13%) of
the CLOT patients who developed renal failure during
the study, the dose was reduced in 2/91 (2%) due to
increased anti-Xa activity.

In the per-protocol population, the proportion of
patients with renal impairment at baseline and at least
one bleeding episode was greater in the VKA arm than
in the dalteparin arm (24.1% vs. 20.3%, respectively).
It is noteworthy that in both arms of the study, the
frequency of bleeding episodes increased in line with
the deterioration of renal function.

The above-cited efficacy and safety results provide
useful and practical information for clinicians on the use
of dalteparin in the prophylaxis and treatment of VTE
in patients with cancer and renal impairment. There
are no comparative analyzes between LMWHs, so it is
difficult to extrapolate these results to other LMWHs,
as the pharmacokinetic and pharmacodynamic profiles
of different LMWHs are clearly different.

This is due to different manufacturing processes
and to the differences in the average molecular weight,
which is considered to be the factor that determines
the degree of renal elimination of individual LMWHs.

A report on the safety of enoxaparin (currently the
most widely used LMWH) in secondary prophylaxis in
patients with CAT and renal failure was presented at the
Congress of the International Society on Thrombosis
and Hemostasis. The RIETECAT study compared the
long-term efficacy and safety of enoxaparin with those
of tinzaparin or dalteparin in the secondary prevention
of VTE in adult cancer patients.

This was an observational cohort study using data
from the RIETE registry. The study included patients
who started treatment with a full dose of enoxaparin,
tinzaparin or dalteparin between January 2009 and June
2018 and within 48 hours of the diagnosis of a primary
VTE episode. Recurrent VTE and major bleeding were
assessed during 6 month after initiation of treatment.

In the population of 4,451 cancer patients with
VTE, enoxaparin (n = 3,526), tinzaparin (n = 754) and
dalteparin (n = 171) were used. VTE recurrence oc-
curred in 70 patients (2.09%) in the enoxaparin subgroup
and 23 patients (2.5%) in the tinzaparin/dalteparin
subgroup [OR 0.79, 95% CI: 0.49-1.28, p = 0.343, (p

= 0.004 for non-inferiority)]. There was no difference

between the subgroups in the rates of DVT recurrenc-

es, pulmonary embolism or fatal pulmonary embolism.

Major bleeding occurred in | | | patients (3.19%) in the

enoxaparin subgroup and |8 patients (1.9%) in the

tinzaparin/dalteparin subgroup (OR 1.64, 95% CI 0.99-

2.71, p = 0.052). All-cause mortality rates were similar

in the treatment subgroups (18.9% vs. 17%, OR 1.14;

95% Cl1 0.94-1.38, p = 0.182). The Propensity Score

Matching analysis showed no differences between the

subgroups in the risk of VTE recurrence [adjusted risk

ratios (aHR): 0.81, 95% CI 0.48-1.38], major bleeding

(@HR 1.41;95% CI1 0.80-2.46, p = 0.235) or death from

any cause (aHR 1.07, 95% CI 0.88-1.30, p = 0.476).
The authors conclude that in clinical practice,

enoxaparin has a comparable efficacy and safety profile

to tinzaparin/dalteparin in CAT cancer patients [307].
For enoxaparin, dose reduction to 50% of the usual

dose is recommended in patients with CrCl <30 mL/

min. There are no specific recommendations for the

remaining LMWHs [286].

DOACs may accumulate in patients with acute and
chronic kidney disease (Figure 3). They are eliminated
by the kidneys in different amounts: dabigatran in 80%;
rivaroxaban, 1/3 of the unchanged active molecule is
excreted in the urine and 2/3 of the remainder is also
excreted through the kidneys; apixaban and edoxaban
are excreted in the urine in 25% and 35%, respectively
[308]. Oral direct anticoagulants are as effective as
VKAEs, with less bleeding in patients with stage 3 chronic
kidney disease. There are reports that as renal function
worsens, the advantage of DOACs over VKAs becomes
less pronounced. Patients with eGFR below 30 mL/min
should not be treated with dabiagatran, and rivaroxaban
and apixaban can be considered in patients with CrCL
of 15-29 mL/min, especially in secondary prevention, at
doses of 15 mg/day or 2.5 mg every 12 h, respectively,
with regular assessment of risk and renal function, like
in non-oncological patients [14, 225].

In conclusion, in patients with renal failure, a few
basic rules should be followed when using anticoagu-
lants, which are listed below:

I. Assess renal function at the start of anticoagulant
therapy and reassess at regular intervals.

2. Assess the risk of bleeding on the basis of the pa-
tient’s medical history, clinical condition, medica-
tions used, planned diagnostic tests and treatment

3. In patients with renal impairment, use only LMWHSs
and DOAC:s with known pharmacokinetic and clini-
cal data (e.g., enoxaparin). Set the dose according to
the summary of product characteristics. In patients
with chronic renal failure, minor dose adjustments
are usually needed and most patients do not require
routine monitoring of anti-Xa activity.
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4.

Sub-threshold doses of anticoagulants should not be

used to prevent bleeding complications.

Regular monitoring of peak anti-Xa levels in patients

with severe renal insufficiency is indicated. The

frequency of check-ups should depend on renal

function in patients receiving LMWHs or oral direct

factor Xa inhibitors.

Two treatment regimens are recommended for the

treatment of patients with kidney disease and VTE

who have severe (end-stage) renal failure:

a) UFH and treatment continuation with VKA [309, 310].

b) UFH and treatment continuation with LMWH; anti-Xa
activity monitoring required [311, 312].
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