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Abstract

This article seeks to review the current status of treatment and prevention of venous thromboembolic disease (VTE) in cancer
patients after the addition of direct oral anticoagulants (DOAC) to the therapeutic arsenal available. The suitability of DOAC use
in complex clinical situations, poorly represented in clinical trials, is controversial and difficult for care activity, making the rec-
ommendations in clinical practice guidelines the focus of special attention in this area. Recently, several randomized trials have
compared low molecular weight heparin (LMWH) to DOAC for the management of CAT. Potential drug interactions with
DOACG:s or the increased risk of bleeding in intraluminal tumors require special precautions, as do metastatic or primary
brain disease and comorbid conditions, such as renal or liver failure, which are not suitably represented in pivotal studies.
Furthermore, few data are available for situations involving elevated bleeding risk, with thrombocytopenia levels below the inclu-
sion criterion of clinical trials, or recurrence during active anticoagulant therapy. Similarly, it is less clear that patients and phy-
sicians accept the presumption that oral DOAC administration is more convenient than subcutaneous LMWH, particularly when
drug absorption may be compromised. The non-inclusion or under-representation of patients at higher risk for complications
with anticoagulation in randomized clinical trials, makes their use complex in certain situations in health care. This paper provides
a practical review of current clinical guideline recommendations regarding LMWH and/ or DOAC to treat and prevent CAT, as
well as the most controversial clinical conditions for their use.
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Introduction

Properly preventing and treating venous thromboembolic
disease (VTE) is part and parcel of comprehensive care for
cancer patients. The elevated incidence of VTE in the oncolog-
ical population and potential increase in complications arising
from morbidity and mortality, due to both cancer and its treat-
ment, highlights the complexity we face in the daily care of
cancer-associated VTE (CAT). Low molecular weight heparins
(LMWH) are considered more suitable than vitamin K antago-
nists for specific CAT prophylaxis and treatment after demon-
strating better safety and efficacy profiles.' The incorporation
of direct oral anticoagulants (DOACs) in CAT prevention and
treatment clinical practice guidelines, following the publication
of randomized studies in cancer patients, expands the
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therapeutic arsenal available, while simultaneously begging the
question of how to optimize the use of the various alternatives
in each individual case.”™

Specific clinical situations, such as renal or hepatic insuffi-
ciency, patients with extreme weight, or tumors associated
with a higher risk of bleeding are often excluded or under-
represented in randomized studies, hindering customized clini-
cal care in these conditions based on scientific evidence.

Taking the CAT prevention and treatment recommendations
of the leading scientific societies’ clinical guidelines®® as a ref-
erence, we have conducted a comprehensive bibliographic
review of anticoagulant management following a CAT event
in certain complex situations. Similarly, we have evaluated
the estimated risks, establishing areas of specific precaution
for the use of DOACs versus what has been the standard of
care to date, LMWH.

Thromboprophylaxis in Cancer Patients
on Active Chemotherapy: General
Recommendations

Antithrombotic prophylaxis in oncology patients undergoing
active chemotherapy poses a dilemma because, while it seeks
to lower the risk of CAT without increasing the risk of bleeding,
it has failed to prove a definitive effect on survival. Proper
patient selection for thromboprophylaxis is essential. The
Khorana model’ is the most widely used predictive model. It
has been validated both internally and externally, and rates
risk according to characteristics such as tumor location, body
mass index (BMI), and baseline platelet, hemoglobin, and leu-
kocyte counts, but lacks the ability to assess bleeding risk.
Recently, new specific predictive models, such as
Vienna-CATS,'” PROTECHT,'' CONKO,'? or COMPASS,"
among others, and adding genomic risk profiles'* are used in
an attempt to stratify thrombotic risk and indication for throm-
boprophylaxis more selectively.

Numerous studies have examined LMWH use in outpatient
prophylaxis, underscoring the decrease in thrombotic events
among patients with risk factors, without evidence of a signifi-
cant increase in major or non-major bleeding (MB), revealing a
general trend towards the benefit of anticoagulation in individ-
uals classified as at high risk for CAT. (Results are displayed in
Table 1.)

The recent publication of the AVERT'® and CASSINI?
trials with apixaban and rivaroxaban, respectively, have
explored a new therapeutic alternative in intermediate-high
risk subjects as defined by a Khorana score of > 2. The study
populations differ. Whereas the CASSINI study confirmed the
absence of VTE at inclusion, had a more heterogeneous, higher-
risk population, and yielded risk reduction outcomes that failed
to achieve statistical significance, the AVERT study did
produce statistically significant results.

The main international clinical guidelines include the studies
described in their recommendations, as indicated below:

The International Thrombosis and Cancer Initiative
(ITAC/ISTH) guideline does not recommend routine prophy-
lactic anticoagulation. It cites tumor type and location, each
patient’s oncospecific treatment, and personal history of throm-
botic risk as special situations. It advocates for the initial eval-
uation of thrombosis risk, as well as primary prophylaxis
(preferably LMWH) for a duration of 3-6 months in selected
pancreatic cancer patients receiving active treatment with low
bleeding risk. It also contemplates the use of DOACs for indi-
viduals with intermediate-high thrombotic risk and low risk of
bleeding.’

The American Society of Oncology (ASCO) guidelines
underscore the importance of case-by-case thrombotic risk
appraisal and stress that there are no data that prove improved
overall survival with thromboprophylaxis. It does not recom-
mend primary prophylaxis across the board, but does endorse
it for high risk cases (Khorana >2) provided that there are no
risk factors for bleeding. Both LMWHs and DOACs are
deemed valid options, emphasizing the need to watch out for
interactions between DOACSs and other drugs such as cyto-
chrome P450 inhibitors. Treatment duration should be
individualized.’

The guidelines of the Spanish Society of Medical
Oncology (SEOM) do not call for routine thromboprophylaxis
in ambulatory patients, albeit they do encourage thrombotic risk
evaluation before and during treatment using a validated model.
Risk factors to consider for prophylactic treatment include pan-
creatic primary, ALK or ROS-1 rearrangement in lung cancer,
or a high-risk score on a validated assessment. It recommends
the use of both LMWHs and DOACs for 12 weeks, tailoring
dosage and duration to each case.®

The recent American Society of Hematology (ASH) guide-
line divides individuals into low-, intermediate-, and high-risk,
based on a validated score (preferably Khorana) coupled with
the clinician’s judgment and previous experience. For
low-risk subjects, thromboprophylaxis is not advised; for
intermediate-risk patients, prophylaxis with DOACs (apixaban
or rivaroxaban) or no treatment is suggested, and, in the case of
high-risk patients, prophylaxis with LMWHs or DOACSs is rec-
ommended. Dosage and duration should be individualized, and
drug-drug interactions examined.?'

The NCCN guideline does not support primary prophylaxis
in all cases. Instead, it highlights the importance of a good pre-
dictive model to calculate the individual’s personal and tumor-
and treatment-related risk factors. It recommends prophylaxis
with rivaroxaban or apixaban for situations of high risk for
thrombosis, as per the predictive model chosen, preferring
DOACs over LMWHSs, for 6 months.’

All clinical guidelines stress how imperative it is to individ-
ualize benefit and risk. They call for a duration of 3-6 months of
prophylaxis, and take into account contraindications to prophy-
lactic anticoagulation (active bleeding, known coagulopathy,
spinal interventions, thrombopenia...), as well as the need to
adapt DOACs on the basis of each individual’s hepatic and
renal function.
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Table |. Randomized Studies of Thromboprophylaxis in Cancer Patients With Outpatient Treatment.

% CAT (ttm. vs no Major Minor
Study N Primary Treatment and dosage ttm.) bleeding bleeding
PROTECHT"'! 1150 Lung, digestive, breast, ovarian Nadroparin 3800U/24h 2% versus 3.9% 0.7 versus 0%, 7.4 versus
Moderate-high CAT risk 4 months p=0.02 p=0.18 7.9%
SAVE 3212 Lung, digestive, kidney, ovary Semuloparin 20 mg/24 h 1.2 versus 3.4% p < 1.2 versus 1.2 2.8 versus
ONCO'® Moderate-high CAT risk 0.001 2.0%
HR 0.36
FRAGEM'® 123 Pancreas Dalteparin 200U/24 h 3.4 versus 23% p= 3.4 versus 3.2 9.versus 3%
High CAT risk 4 s+ 150U/24 h 8s 0.002
CONKO'? 312 Pancreas Enoxaparin | mg/kg 3m 1.2 versus 9.9% 4.8 versus
High CAT risk +40 mg/24 h 3m p=0.001 HR 0.12 3.3%, p=
1.0
FRAGMATIC'" 2202 Lung Dalteparin 200U/24 h 5.5 versus 9.7% p= I.1 versus 4.5 versus
High CAT risk 4s+150U/24 h 8s 0.001 0.7% 0.6%
RASTEN'8 390 Lung Enoxaparin 2.7 versus 8.4% 14 versus 3%
High CAT risk I mg/kg HR 0-31
AVERT"? 574  Any location. Khorana >2 Apixaban 2.5 mg/12 h 4.2 versus 10.2%, 3.5 versus [.8 12.2 versus
6m HR 041 (IC HR 2.0 9.8%
0.26-0-65) p=0.046 HR 1.29
p<0.00l
CASSINI?® 841  Any location. Khorana >2 Rivaroxaban 10 mg/24 h 6.0 versus 8.8% HR 2.0 versus 1.0 20 versus
6m 0.66 (IC 0.4-1.09) HR 1.96 23.8%
p=0.1 p=0.53 p=0.2

Clinical Guideline Recommendations for
Treating CAT

Classically, CAT has been treated with LMWH given the
results reported. The CLOT study displayed a 52% reduction
in the risk of VTE recurrence with LMWH versus VKA (HR
0.48; P=0.002) without any increment in bleeding risk.** In
the CATCH study, tinzaparin absolutely and significantly
reduced the risk of recurrence of symptomatic DVT with no
increase in MB and a significant decrease in clinically relevant,
non-major bleeding.*?

The current approach to CAT has recently been modified
based on the results of the Hokusai-VTE, Select-D,
Adam-VTE, and Caravaggio studies,”*’ published in the
last three years. The most salient results are summarized in
Table 2.

When considering therapy for CAT, the following factors
must be assessed”®: bleeding risk, tumor type, tumor burden,
thromboembolic burden, gastrointestinal surgery or intestinal
absorption disorders, renal insufficiency (RI), drug-drug inter-
action, patient preference, body weight, comorbidities, and
polypharmacy.

The ITAC-ISTH recommendations are: LMWH for initial
anticoagulation (the first 5-10 days) or, in the absence of
high risk for gastrointestinal or genitourinary bleeding,
rivaroxaban or edoxaban (after 5 days of parenteral anticoagu-
lation); DOACs or LMWHs for early maintenance anticoagu-
lation (up to 6 months) (with the aforenamed precautions) and,
for extended anticoagulation, beyond 6 months, the risk/
benefit ratio should serve to individualize the decision in
each case.’

The ASCO guidelines recommend initial anticoagulation
with LMWH or rivaroxaban, as long as there is no renal func-
tion impairment with creatinine clearance <30 ml/min. LMWH,
edoxaban, or rivaroxaban is contemplated for the first 6 months
and the decision to prolong anticoagulation beyond 6 months
must be individualized. Subjects with active cancer, metastatic
disease, or those receiving chemotherapy might be candidates.

Increased gastrointestinal, genitourinary, and mucosal bleed-
ing has been reported with DOACs and drug-drug interactions
must be scrutinized prior to administration.”

Only the last three published guidelines include data from
the Caravaggio study. The SEOM guideline distinguishes
between two scenarios: the first 5-10 days and prolonged treat-
ment. In the first, it recommends LMWH, rivaroxaban, or apix-
aban (if there is no evidence of drug-drug interactions or high
bleeding risk), while the decision to extend treatment beyond
6 months must be individualized.

In its November 18, 2020 update, it states that the prolonged
anticoagulation therapies of choice for CAT are LMWHs and
DOACSs for 6 months. It emphasizes that apixaban is the only
drug with a proven safety profile similar to LMWH.
Edoxaban and rivaroxaban increase gastrointestinal and, proba-
bly, genitourinary bleeding risk.®2

In the latest ASH guideline, CAT therapy is stratified into
three clinical scenarios: initial (during the first week), short-
term (3-6 months), and long-term anticoagulation (> 6
months). This guideline suggests LMWHs or DOACs (rivarox-
aban or apixaban) for initial treatment; it favors DOACs (apix-
aban, edoxaban, and rivaroxaban) for  short-term
anticoagulation, and advocates using the same drug for long-
term anticoagulation as for initial treatment.?’
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Table 2. Randomized Studies of DOACS Versus LMWHs for the Treatment of CAT.

HOKUSAI-VTE* SELECT-D* ADAM-VTE* CARAVAGGIO”
N 1050 406 300 1170
Study design Non-inferiority PILOT Superiority Non-inferiority
Non-inferiority
ACOD Edoxaban Rivaroxaban Apixaban Apixaban
(Dalteparin 5 d, followed (15 mg/ 12 h for 21 days; (10 mg/ 12 h for 7 d; (10 mg/ 12 h for 7 days: followed
by Edoxaban 60 mg/ 24 h followed by 20 mg/ 24 h followed by 5 mg/ 12 h by 5 mg/12 h until 6 m)
until 6-12 m) 2- 6m) until 6 m)
Comparator HBPM HBPM HBPM HBPM
(Dalteparin 200 1U/kg/ (Dalteparin 200 1U/kg/ (Dalteparin 200 1U/kg/ (Dalteparin 200 1U/kg/ 24 h for
24 h for | m; followed by 24 h for | m; followed 24 h for | m; followed I m; followed by 150 IU/kg/ 24 h)
150 IU/kg/ 24 h) by 150 IU/kg/ 24 h) by 150 1U/kg/ 24 h)
Primary Co-Primary: VTE recurrence in the 6 Major bleeding Co-primary (efficacy and safety):
objective VTE recurrence months following (including fatal VTE recurrence Major
Major bleeding in the 12 randomization bleeds) bleeding in the 6 months
months following following randomization
randomization
Primary Edoxaban 12.8% Rivaroxaban 4% Apixaban 0%
objective Dalteparin 13.5% Dalteparin | 1% Dalteparin 1.4% * VTE recurrence:
results Apixaban 5.6%
Dalteparin 7.9%
* Major bleeding:
Apixaban 3.8%
Dalteparin 4%
Secondary * VTE recurrence: * Major bleeding: * VTE recurrence * Cumulative incidence of VTE
objective Edoxaban 7.9% Rivaroxaban 6% (TVP, TEP, TEP recurrence or Major bleeding:

Dalteparin 11.3%
* Major bleeding:

Edoxaban 6.9%

Dalteparin 4%

Dalteparin 4%
Clinically relevant
non-major bleeding:
Rivaroxaban 13%
Dalteparin 4%

fatal):Apixaban 0.7%
Dalteparin 6.3%
Bleeding (Major,
Fatal, and Clinically
relevant):

Apixaban 6%
Dalteparin 6%

Apixaban 8.9%

Dalteparin 11.4%

Clinically relevant non-major

bleeding:

Apixaban 9%

Dalteparin 6%

* Major and Non-major
clinically relevant bleeding:
Apixaban 12.2%

Dalteparin 9.7%

* Demise (any cause) Apixaban

23.4%
Dalteparin 26.4%

* Event-free survival:
Apixaban 73.3%
Dalteparin 68.6%

In the current NCCN guideline, anticoagulation is endorsed
for at least three months or as long as there is evidence of tumor
disease and/ or antineoplastic treatment is maintained. The
duration of anticoagulation should be discussed with the
patient, explaining the risks/ benefits.

As for choosing the agent to be used, the following factors
must be taken into account: renal impairment and liver
disease, individualized bleeding risk, possibility of reversing
anticoagulation, outpatient versus inpatient, complete blood
count (CBC) monitoring, convenience of administration,
patient preference, and governmental approval. DOACs are
preferable for cases without gastric and/or esophageal tumors
(apixaban and rivaroxaban for initiation and edoxaban after
prior  LMWH) and LMWH for patients with these

malignancies.” All guidelines recommend great caution when
using DOACs in patients with gastrointestinal tumors, inas-
much as elevated bleeding risk is one of their most notorious
complications.

Special Situations:

Cerebral Tumors and Metastases

The most common central nervous system (CNS) tumors are
metastases (24%), followed by high-grade gliomas (21%).
These pathologies present a high risk of thrombotic events
and bleeding. In some, such as renal and melanoma metastases,
the risk of bleeding is even higher.® All these peculiarities
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force us to evaluate risk-benefit meticulously prior to initiating
anticoagulation. In clinic practice, some tools are available to
us, such as the bleeding risk index (PANWARDS), initially
developed for non-oncologic patients, but which has also
been evaluated in individuals with tumors.*! The risk of bleed-
ing can be up to 23% when scores exceed 25 (cutoff point).

Published data in this context focus primarily on prophylaxis
in neurosurgical settings. The PRODIGE study (dalteparin vs
placebo) exhibits a reduction in thrombotic risk over the first
6 months, albeit with more bleeding.* Several meta-analyses
with heparins have confirmed this benefit, but not increased
bleeding.*?

The standard of care in the treatment setting are LMWHs. At
least 5 retrospective studies have focused on CNS tumors, con-
cluding that LMWHs are both safe and effective.’** There is
virtually no representation of CNS tumors in the bibliography
on DOAC:s. The evidence we have is limited to a few retrospec-
tive studies, yielding encouraging results, as there appears to be
no difference in efficacy and even less bleeding in the case of
primary tumors.>

The leading guidelines espouse heparins as standard for
postoperative prophylaxis.® Both LMWHs and DOACs are
included as treatment options.” The Spanish guideline
(SEOM) is the only one that, according to the data described
in the literature, refers to the option of reducing the dose of hep-
arins by 25-50% when treating VTE in patients with brain
metastases from renal tumors or melanomas, or in brain stem
gliomas given the increased risk of hemorrhagic
complications.®

In conclusion, based on further scientific evidence, heparins
are the treatment of choice (dalteparin, enoxaparin, tinzaparin)
in this population. We should take into account the possibility
of dose reduction in metastatic disease with a high risk of
bleeding (melanoma, renal tumors, and gliomas). Treatment
duration will depend on the risk of recurrence. At present we
have little data to endorse treatment with DOACSs, inasmuch
as we only have retrospective studies, although they do
appear to be safe and their use is already included in some
guidelines.

Gastrointestinal and Genitouriniary Tumors

The clinical profile of VTE in oncologic patients differs
depending on tumor location. Data extracted from RIETE
(International Registry of Patients with VTE), which includes
patients with breast (938), prostate (629), colorectal (1189),
and lung (1191) cancers, indicate that 55% of patients had met-
astatic disease (42%, 36%, 53%, and 72%, respectively).
During the course of anticoagulation therapy, the rate of throm-
boembolic recurrences (rVTE) was similar to that of MB in sub-
jects with breast or colorectal cancer. In contrast, in individuals
with prostate cancer, the rVTE was half that of the MB, and in
those with lung cancer, it was double that of the MB. Thus,
since the pattern of MB differs according to tumor type, differ-
ent anticoagulation strategies should be designed according to
tumor location.*®

In gastrointestinal (GI) and genitourinary (GU) tumors, there
is a higher risk of bleeding at the tumor location and several
studies report a higher incidence of bleeding at these levels in
people receiving DOACS, as seen in the published analysis
from the HOKUSAI study, in which the authors analyzed
data obtained regarding VTE recurrence and bleeding accord-
ing to tumor location. They found that with dalteparin, MB
rates were lower in GI (3.6%) and GU (1.4%) tumors, than
with edoxaban (12.7 and 4.6% in GI and GU respectively).?’
Several studies have likewise confirmed that the percentage
of MB in GI tumors is clearly higher with rivaroxaban than
with LMWHs.**#

To conclude, in cases of GI or GU tumors and VTE, DOACs
should be used with caution. Other available anticoagulation
options should be evaluated until specific studies in this
patient population to aid in identifying those that are not at
increased risk of bleeding.*®

Gastrointestinal Absorption Alterations

Oncology patients undergoing surgy for tumors in the gastroin-
testinal tract (GIT) can have altered absorption of
orally-administered drugs. When prescribing anticoagulation
with DOACs, the following factors should be taken into
account: administration with food or while fasting, changes in
gastric pH due to antacids, site of absorption of DOACs and
its possible alteration due to surgery of the GIT, use of a naso-
gastric tube (NGT), bioavailability of each DOAC, and the for-
mulation of each drug.*’

Rivaroxaban and edoxaban are absorbed in the stomach,
duodenum, and proximal ileum, with high bioavailability
(80%-90%). Assimilation is pH-dependent and requires and
acid environment for absorption. Therefore, in patients with
gastrectomy or gastric bypass, their bioavailability may be
diminished. In the case of rivaroxaban and in fasting conditions,
alterations in dose-dependent absorption also occur, such that
with a dosage of 2.5-10 mg there are no variations, but when
the dose is 15-20 mg, the bioavailability is reduced by 66%;
hence, it is recommended that this drug be taken with food.

Apixaban, in turn, is principally absorbed in the distal small
intestine and ascending colon; consequently, it is independent
of gastric pH for assimilation. In situations of small bowel or
right colon resection, the use of this drug should be avoided
given the potential reduction in its absorption.

We know that dabigatran is absorbed in the upper GIT. Its
formulation in capsule form is therefore not recommended for
use in NGT. Its absorption is pH-dependent and requires an
acidic environment; hence, its bioavailability could decrease
subjects with gastrectomy or gastric bypass.*?

Renal Insufficiency

RI is a common and underestimated complication if we rely
solely on serum creatinine level; the glomerular filtration rate
(GFR) should be calculated.*?
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RI alters plasma protein binding, volume of distribution, and
non-renal elimination of many drugs, which increases toxicity
or determines treatment inefficiency. This clinical situation
increases the risk of thrombotic events and MB secondary to
anticoagulant therapy.

Patients with severe RI (glomerular filtration rate < 30 ml/
min) included in randomized studies with LMWHs do not
exceed 2% of the study sample. Pharmacodynamic studies
follow different methodologies, are not comparable, and the
recommendation for dose adjustments should not be extrapo-
lated and must be made according to the technical data sheet.**

LMWHs are excreted mainly by the renal route, with poten-
tial dose accumulation due to decreased clearance and increased
elimination time.*’

Bemiparin, enoxaparin and nadroparin have increased renal
elimination, whereas tinzaparin and dalteparin are less depen-
dent on elimination by GFR.*®

The CLOT and CATCH studies, that compared the use of
LMWHs versus antivitamin K oral anticoagulants, included a
limited number with GFR < 60 ml/min (24% and 15%, respec-
tively). Post-hoc analyses of patients with RI exhibited similar
safety profiles with no evidence of excess bleeding due to
LMWH accumulation in RI.*"®

As for the use of DOACS, randomized trials conducted in
cancer patients excluded patients with severe RI (GFR <
30 ml/ min).>**” The FDA and EMA have approved the use
of DOAC: in patients with RI and GFR > 15 ml/ min, recom-
mending dose adjustment according to pharmacokinetics.

Currently, the existing data are insufficient to recommend
routine use of DOACs to treat/ prevent thrombosis in these
patients.

Clinical guidelines and expert consensus give preference to
the use of LMWHs, particularly in the presence of additional
factors that increase the risk of bleeding.

Liver Failure

The association between liver damage and the coagulation
cascade is multifactorial and complex. On the one hand, we
find a state of coagulopathy due to alterations in the synthesis
of coagulation factors, with prolongation of PT and APTT,
but which correlates poorly with the risk of hemorrhage. On
the other hand, partial deficiency of anticoagulant proteins is
accompanied by improvements in thrombin synthesis, which
determines a procoagulant state. This fact would explain why
the belief that patients with chronic liver failure are self-
anticoagulated has been proven to be false.*’

Subjects with chronic liver failure receive less prophylactic
anticoagulant therapy than those without. Randomized trials
have failed to validate the safety of LMWH prophylaxis in
this setting. Retrospective studies reveal that death and gastro-
intestinal bleeding rates are not increased in this cohort.
Prescription of anticoagulation therapy in these individuals is
affected by other factors, such as personal experience,
routine in clinical practice, and whether the patient refuses
treatment.”

Clinical guidelines and expert consensus contraindicate
anticoagulation with severe or uncompensated coagulopathy,
given the high risk of bleeding. NCCN guidelines consider
the presence of liver failure to be an absolute contraindica-
tion for DOACs. Given that DOACs entail a higher risk of
bleeding than LMWHs and that there are no adequate
safety data in this scenario, if anticoagulation treatment is
required, priority should be given to treatment with
LMWHs.

Thrombocytopenia

Thrombocytopenia is defined as a platelet count <100,000/uL.
Its pathogenesis is multifactorial®':

e In solid tumors, it is often the consequence of chemother-
apy treatment.

e [t is common at diagnosis in individuals with hematologic
tumors.

e Other associated conditions (infections, drugs, coagulop-
athy due to consumption, etc) can affect the degree of
thrombocytopenia

VTE and thrombocytopenia are more usual in cancer patients.
Treatment of both concomitant processes is highly heteroge-
neous®” and specific studies are needed in this population to
determine an optimal management strategy, given that cases
of VTE, cancer, and thrombopenia are excluded from studies
with both LMWHs and DOACs. Thrombopenia notwithstand-
ing, the risk of recurrent VTE remains high.

There is a paucity of data on the use of DOACsS in patients
with VTE and severe thrombocytopenia (< 50,000/uL).>?
Clinical practice and recommendations in the leading guide-
lines indicate that LMWHs can be contemplated in this sub-
group of patients if the dosage is titrated according to
bleeding risk and the patient’s individual risk factors. For
example, in case of acute VTE with low risk of progression
or established VTE, LMWHs could be prescribed at 50% of
the previous dose or at a prophylactic dose. Its use below
20 000 platelets/uL is not contemplated.”’

High Risk of Bleeding

Cancer patients have a higher risk of bleeding associated with
anticoagulation therapy than non-cancer pa‘cients.54 The
factors associated with fatal bleeding during the first 3
months of VTE treatment remain unclear and, while there are
several predictive models of MB due to anticoagulant
therapy, none are specific to the oncology population; for
example:

e In the RIETE study, of the 24 395 patients evaluated, 546
(2.24%) had MB and 135 (0.55%) suffered a fatal hemor-
rhage. The GIT was the most common site (40%), fol-
lowed by intracranial hemorrhage (25%). Fatal bleeding
was independently associated with the factors reflected
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in the table (Table 3) present at the time of VTE
diagnosis.”

e Another tool that evaluates the risk of bleeding in subjects
about to undergo anticoagulant treatment is the
IMPROVE scale, which establishes a high bleeding risk
when the score is > 7.%°

Apropos of the difference in bleeding risk by virtue of the dif-
ferent types of anticoagulants, the SELECT-D study, compar-
ing dalteparin to rivaroxaban in oncology patients diagnosed
with VTE, displayed a higher rate of bleeding with rivaroxaban
than with dalteparin, with MB predominantly at the gastro-
esophageal level and clinically relevant non-major bleeding
more common at the level of the bladder and lower gastrointes-
tinal.>> These data were corroborated by the meta-analysis pub-
lished by Mulder et al in 2020; thus, DOACs should be used
with caution in individuals at high risk of bleeding.*

Catheter-Associated Thrombosis

There are 2 types of catheters, centrally implanted and periph-
erally inserted central catheters (PICC), the latter being the
ones that entail the highest risk of thrombosis. The incidence
of asymptomatic and symptomatic thrombosis related to
PICC ranges from 2.2-58% and 2%-15%, respectively”’ and
the diagnostic test of choice is echo-Doppler, reserving CT
angiography for specific locations. There are explicit guidelines
for managing catheter- associated thrombosis. Secondary, not
primary prophylaxis is recommended, after 3-6 months of treat-
ment if the catheter has not been removed and, in case of
replacement, treatment should be maintained for at least the
first 30 days post-insertion of the new device.>®

None of the pivotal DOAC studies stratify as per the pres-
ence or absence of a central catheter. Two studies with rivarox-
aban have been published that specifically address this
population. The first one was retrospective, with 83 patients,
and found that only 3.6% had the catheter removed and

Table 3. Bleeding Rates According to Tumor Location Based on
Subanalysis of the Riete Study.

Fatal bleeding  Major, non-fatal Major bleeding

(n=52) bleeding (n=198) (n=250)
Gl 19 (36.5%) 62 (31.1%) 81 (32.4%)
Intracranial 14 (26.9%) 18 (9.1%) 32 (12.8%)
GU 2 (3.8%) 26 (13.1%) 28 (11.2%)
Other 17 (32.7%) 92 (46.4%) 109 (43.6%)

Adapted from Nieto, José Antonio, et al Thrombosis Research, 2013, vol.132,
no2, p. 175-179.

severe bleeding presented in 2.4%.°° The other was a prospec-
tive study of 70 patients all of whom retained their line; throm-
bosis reoccurred in 1.43% and bleeding developed in 12.9%.%°

The pre-eminent clinical guidelines endorse LMWHs as the
treatment of choice for at least 3 months and even indefinitely, if
the catheter is maintained (which is advisable unless it fails to
function or associated complications arise).”™

In conclusion, LMWHs should be used for both treatment
and secondary prophylaxis, given the current dearth of evidence
with respect to DOACS in this context.

CAT Recurrence

Recurrences of thrombotic events in cancer patients are rela-
tively common place up to 11%. This phenomenon tends to
happen in the first months following the initial event; is more
prevalent in advanced disease, increases as survival
worsens.®’ At a practical level, though risk tables do exist,
such as the modified Ottawa Score (MOS), it has only been val-
idated in cases of cancer managed on an outpatient basis.®?

In recurrences, the drug of choice is LMWH and the general
recommendation is to maintain them for at least 6 months. The
initial maneuver should be to ensure that patients have had no
prior reduction in medication; if they have, anticoagulant treat-
ment should be reestablished at optimal doses. If the heparin
regimen is perfectly adjusted for the patient, there are retrospec-
tive studies that support increasing it up to 120-125% at the time
of recurrence.®® This recommendation is included in the differ-
ent clinical guidelines in which this dose increase or switching
to DOAC:s are the therapeutic options put forth for individuals
on LMWH therapy, despite the absence of evidence that advo-
cates DOACs in this context. In those cases, in which recur-
rence occurs while on DOAC treatment, the action of choice
is to begin LMWHs. Over the long term, the possibility of
switching to DOAC:s after the first 6 months of treatment is con-
templated.”®

Therefore, in light of the data currently available, our recom-
mendation is that the drug of choice is LMWH for thrombotic
recurrence. Another important issue is treatment duration fol-
lowing a second episode; it appears that indefinite therapy is
the most appropriate course of action, particularly in cases of
active tumor, unless contraindicated.

Drug-Drug Interactions

Drug-drug interactions are one of the areas of greatest concern
when prescribing DOACs for oncology patients undergoing
treatment with antineoplastic drugs. Clinical practice guidelines

Table 4. Adjustments of Doac Doses According to Summary of Product Characteristics.

Dabigatran®®

. 7
Rivaroxaban®

Apixaban68 Edoxaban®’

Low weight
High weight

No adjustment-monitoring required
No*

No adjustment-monitoring required

50% dose reduction
No*

50% dose reduction

No* No*

No*: not recommended if >120 kgs or BMI >40.
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Table 5. Treatment of CAT In Specific Situations.

LMWH: Low Molecular Weight Heparin. DOACs: Direct Oral Anticoagulants. CNS: Central Nervous System.

Caution in use ® Recommended

HIGH RISK OF
BLEEDING

. @ NOT recommended

GASTROINTESTINAL

TUMORS

LMWH

DOACs

OBSERVATIONS Active bleeding is
an absolute

contraindication

DOAC:s have been associated with increased risk of GI and
probably GU bleeding; hence, they should be used with
caution in patients with tumors with GI/GU lesions.

GENITOURINARY CNS TUMORS / METASTASES
TUMORS
O] O]

Weak evidence for DOACs (retrospective
studies)

LMWH dose reduction in metastatic disease
with high bleeding risk (melanoma, renal
tumors, and gliomas)

RENAL IMPAIRMENT HEPATIC IMPAIRMENT THROMBOCYTOPENIA

GF <30 ml/ GF 30-50 GF >50

min ml/ min ml/ min
LMWH [0 ©
DOAC Ol ©

OBSERVATIONS LMWH renal elimination depends on its
molecular weight, potential accumulation the
lower the weight.

Dose adjustment according to anti-Xa levels

ACOD:

LMWH:
on a case-by-case basis

Hepatic metabolism.
Contraindicated according to expert

Moderate/ severe Platelets Platelets Platelets
<50,000 50,000-75,000 > 175,000
O] O]
O] O]

There is a lack of data on the use of DOACs in
VTE patients with severe thrombocytopenia
(<50,000/uL).

There are consensus options for LMWH
treatment in these patients.

Prioritize. Select patients

guidelines and consensus.

DRUG-DRUG INTERACTIONS

CYTOCHROME P450 GLYCOPROTEIN-P
INHIBITORS or INDUCTORS INHIBITORS or INDUCTORS
(CYP 3A4)
LMWH @ @

DOACs

OBSERVATIONS Interactions with antineoplastic and supportive care drugs
should be checked.
Edoxaban and Dabigatran are not preferentially metabolized

via the cytochrome P450 (CYP3A4) pathway.

CAT RECURRENCE

DOACs

OBSERVATIONS Maintain LMWH for at least the first 6 months.

Increase in dose of LMWH if previous doses are correct.

GI ABSORPTION/ GI

TOXICITY

EXTREME WEIGHTS

Consider GI tract surgeries or WEIGHT < 50 WEIGHT > 100
mucosal alterations that affect Kg Kg
absorption.
@ @ @
O]
-Gastrectomy: For low weights, dose adjustment is
avoid Rivaroxaban, Edoxaban and recommended for Apixaban and

Dabigatran Edoxaban.
- ID resection or hemicolectomy D:

avoid Apixaban

CATHETER-ASSOCIATED THROMBOSIS

Scant scientific evidence

Caution in DOACs according to bleeding risk/ drug

interactions

endorse evaluating potential interactions when initiating or
modifying each new line of oncologic therapy in patients
receiving concomitant anticoagulation.’™

LMWHs are compatible with almost all antitumor drugs.
However, all DOACs known to date are P-glycoprotein sub-
strates for their metabolism. Furthermore, apixaban and rivar-
oxaban are substrates of cytochrome P450 (CYP3A4), while
neither edoxaban nor dabigatran are substrates of this metabolic

pathway.” This is one of the metabolic pathways followed by
both antitumor and supportive drugs administered to these
patients.

Consequently, introducing drugs metabolized via this
pathway can potentially increase the risk of recurrence by
decreasing plasma concentrations of DOACs, while inhibitory
drugs can increase plasma concentrations of DOACs. As a
result, there would be a risk of increasing potential bleeding.
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At present, there are scarcely any studies that yield data on clin-
ically relevant interactions between anticancer therapy and anti-
coagulants and their pharmacokinetic and pharmacodynamic
effects in oncology patients.®*

Extreme Weights

There is no solid scientific evidence on the potential drawbacks
of using anticoagulant drugs at fixed doses, but given that typ-
ically, they have been dosed by weight, there is concern about
possible recurrences and/ or bleeding when DOACs are admin-
istered at unadjusted dosages to high- or low- weight individu-
als.®® Generally, LMWHs are dosed in terms of IU/kg, with few
restrictions on use in extreme weight situations.

In phase III studies conducted with DOACs versus LMWHs
in cancer patients, only the dose of edoxaban was decreased to
30 mg/ day for subjects weighing < 60 kg** with no change in
cases of obesity. Clinical practice guidelines recommend care
when using them in individuals weighing > 120 kg and indicate
the need for more data in patients with extreme weights before
indicating routine use in this setting.” DOAC dose modification
as per their technical data sheets are shown in Table 4. (Table 4)

Patient Preference and Adherence

CT patients experience the diagnosis of thrombosis as life-
threatening, but anecdotal in the overall oncologic process.
Multiple factors impact treatment decision-making, such as
clinical experience, professional training, routine workplace
practice, etc Patients should be empowered to make decisions
about what treatment is necessary and why it is prescribed,
with full information regarding benefits and harm. While prac-
titioners often consider LMWH treatment too aggressive
because of its route of administration, patients view the injec-
tion as a necessary evil to prevent future symptomatology and
insignificant compared to the rest of their oncologic treatment
as long as it does not interfere with it. Their main concern is
how the thromboembolic event may affect the treatment of
their tumor.”®”" Furthermore, patients integrate LMWH treat-
ment into their daily routine and normalize it.

As for DOAC use in cancer patients, an increased risk of
clinically relevant bleeding must be taken into account, espe-
cially in gastrointestinal malignancies (Hokusai and
SELECT-D).*** The increased possibility of drug-drug inter-
actions must be compared and considered between DOACs
versus LMWHSs.? Given the absence of head-to-head compara-
tive studies and the heterogeneity among clinical trials, it is not
possible to recommend the use of one type of DOAC over
another.

Conclusions

International guidelines on the management of CAT have
recently incorporated DOAC:s into their recommendations, for
both treatment and prevention in stratified high-risk patients.
In contrast to the well-established use of LMWHs in this

context, pre-treatment evaluation with DOACs should cau-
tiously consider the presence of tumors or special clinical situ-
ations, which are not always well-represented in randomized
trials (Table 5). The possibility of drug-drug interactions in
patients receiving active oncological treatment, who have alter-
ations, or special situations, such as extreme weights, that
involve secondary modifications in absorption and increased
potential bleeding in people with gastrointestinal or urological
endoluminal tumors, are some of the precautions pointed out
when establishing therapeutic recommendations with DOACs
in CAT. Baseline comorbidities, such as renal or hepatic insuf-
ficiency, and the increased risk of bleeding in situations like
thrombocytopenia must be factored into the recommendations
of expert guidelines based on management extracted from the
experience, which is still scarce in the use of DOACs.

Individualization in the search of optimal strategies to treat
CAT must undoubtedly be founded on the data derived from
scientific evidence, while fully aware of the gaps that this
may leave in situations that are poorly supported by research
for more careful and safer patient care.

Acknowledgements

We thank Priscilla Chase Duran for editing the manuscript.

Author Contributions

M.S. coordinated the study. All authors developed the project, pro-
vided clinical information, comments, drafted, and improved the man-
uscript and participated in the critical review of the document.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

Declaration of Conflicting Interests

MSF has participated in advisory boards for Pfizer; has received
Speaker fees from LEO Pharma, Rovi, Sanofi; has received Travel
and accommodation support for attending symposia from Sanofi,
LEO Pharma, Rovi. MEBV has participated in advisory boards for
Bayer, Pfizer; has received Speaker fees from Rovi, LEO Pharma;
has received Travel and accommodation support for attending sympo-
sia from LEO Pharma. BCB has participated in advisory boards for
BMS, Sanofi; has received Speaker fees from BMS, Sanofi, Rovi,
LEO Pharma; has received Travel and accommodation support for
attending symposia from BMS, Rovi. PGV: has participated in advi-
sory boards for Leo Pharma; has received Speaker fees from LEO
Pharma; has received Travel and accommodation support for attending
symposia from Sanofi. MLVT: has no conflict of interest to declare.
MELP: has no conflict of interest to declare. DAR has no conflict of
interest to declare.

Ethics Approval and Consent to Participate

The current study has been performed in accordance with the ethical
standards laid down in the 1964 Declaration of Helsinki and its later
amendments. For this type of study, no formal consent is required.



10

Clinical and Applied Thrombosis/Hemostasis

ORCID iD

Mercedes Salgado

https:/orcid.org/0000-0003-4134-1509

References

1.

10.

12.

Akl EA, Barba M, Rohilla S, et al. Low-molecular-weight hepa-
rins are superior to vitamin K antagonists for the long term treat-
ment of venous thromboembolism in patients with cancer: a
cochrane systematic review. J Exp Clin Cancer Res. 2008 Jul
18;27(1):21.

. Bumnett AE, Mahan CE, Vazquez SR, Oertel LB, Garcia DA,

Ansell J. Guidance for the practical management of the direct
oral anticoagulants (DOAC) in VTE treatment. J Thromb
Thrombolysis. 2016;41(1):206-232.

. Carrier M, Wang TF. Direct oral anticoagulants and cancer-

associated VTE: good for all, or just some? Blood. 2020;136-
(6):669-673. https:/doi.org/10.1182/blood.2019004177.

. Mulder FI, Bosch FT, Young AM, et al. Direct oral anticoagulants

for cancer-associated venous thromboembolism: a systematic
review and meta-analysis. Blood. The Journal of the American
Society of Hematology. 2020;136(12):1433-1441. https:/doi.org/
10.1182/bl00d.2020005819

. Key NS, Khorana AA, Kuderer NM, et al. Venous thromboembo-

lism prophylaxis and treatment in patients with cancer: ASCO
clinical practice guideline update. J Clin Oncol. 2020;38(5):496-
520. https:/doi.org/10.1200/JCO.19.01461

. Farge D, Frere C, Connors JM, et al. 2019 International clinical

practice guidelines for the treatment and prophylaxis of venous
thromboembolism in patients with cancer. Lancet Oncol.
2019;20(10):e566-e581. https:/doi.org/10.1016/S1470-2045(19)
30336-5

. NCCN Clinical Practice Guidelines in Oncology (NCCN

Guidelines). Cancer-Associated Venous Thromboembolic
Disease. NCCN.org Version 2.2021 — August 16, 2021. https:/
www.nccn.org/professionals/physician_gls/pdf/vte.pdf

. Mufioz Martin AJ, Gallardo Diaz E, Garcia Escobar I, et al. SEOM

Clinical guideline of venous thromboembolism (VTE) and cancer
(2019). Clin Transl Oncol. 2020;22(2):171-186. https:/doi.org/
10.1007/512094-019-02263-z

. Khorana AA, Kuderer NM, Culakova E, Lyman GH, Francis CW.

Development and validation of a predictive model for
chemotherapy-associated thrombosis. Blood. 2008 May 15;111-
(10):4902-4907.

Ay C, Dunkler D, Marosi C, et al. Prediction of venous thrombo-
embolism in cancer patients. Blood. 2010 Dec 9;116(24):5377-

5382.

. Agnelli G, Gussoni G, Bianchini C, et al. Nadroparin for the pre-

vention of thromboembolic events in ambulatory patients with
metastatic or locally advanced solid cancer receiving chemother-
apy: a randomised, placebo-controlled, double-blind study.
Lancet Oncol. 2009 Oct;10(10):943-949.

Pelzer U, Opitz B, Deutschinoff G, et al. Efficacy of prophylactic
low-molecular weight heparin for ambulatory patients with
advanced pancreatic cancer: outcomes from the CONKO-004
trial. J Clin Oncol. 2015 Jun 20;33(18):2028-2034.

13.

14.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Gerotziafas GT, Taher A, Abdel-Razeq H, et al. ; COMPASS—
CAT working group. A predictive score for thrombosis associated
with breast, colorectal, lung, or ovarian cancer: the prospective
COMPASS-cancer-associated thrombosis
2017 Oct;22(10):1222-1231.

Muioz Martin AJ, Ortega I, Font C, et al. Multivariable clinical-
genetic risk model for predicting venous thromboembolic events
in patients with cancer. Br J Cancer. 2018;118(8):1056-1061.

study. Oncologist.

. Agnelli G, George DJ, Kakkar AK, et al.; SAVE-ONCO

Investigators. Semuloparin for thromboprophylaxis in patients
receiving chemotherapy for cancer. N Engl J Med. 2012 Feb
16;366(7):601-609.

. Maraveyas A, Waters J, Roy R, et al. Gemcitabine versus gemci-

tabine plus dalteparin thromboprophylaxis in pancreatic cancer.
Eur J Cancer. 2012 Jun;48(9):1283-1292.

Macbeth F, Noble S, Evans J, et al. Randomized phase 111 trial of
standard therapy plus low molecular weight heparin in patients
with lung cancer: FRAGMATIC trial. J Clin Oncol. 2016 Feb
10;34(5):488-494.

Ek L, Gezelius E, Bergman B, et al.; Swedish Lung Cancer Study
Group (SLUSG). Randomized phase III trial of low-molecular-
weight heparin enoxaparin in addition to standard treatment in
small-cell lung cancer: the RASTEN trial. Ann Oncol. 2018 Feb
1;29(2):398-404.

Carrier M, Abou-Nassar K, Mallick R, AVERT
Investigators. Apixaban to prevent venous thromboembolism in
patients with cancer. N Engl J Med. 2019 Feb 21;380(8):711-719.
Khorana AA, Soff GA, Kakkar AK, et al.; CASSINI Investigators.
Rivaroxaban for thromboprophylaxis in high-risk ambulatory
patients with cancer. N Engl J Med. 2019 Feb 21;380(8):720-728.
Lyman GH, Carrier M, Ay C, et al. American Society of hematol-
ogy 2021 guidelines for management of venous thromboembo-
lism: prevention and treatment in patients with cancer. Blood
Adv. 2021;5(4):927-974. https:/doi:10.1182/bloodadvances.202
0003442

Lee AY, Levine MN, Baker R1, et al.; Randomized Comparison of
Low- Molecular-Weight Heparin versus Oral Anticoagulant
the
Thromboembolism in

et al;

Venous
(CLOT)
Investigators. Low-molecular-weight heparin versus a coumarin

Therapy  for Prevention of Recurrent

Patients with  Cancer
for the prevention of recurrent venous thromboembolismin
patients with cancer. N Engl J Med. 2003;349(02):146-153.

Lee AYY, Kamphuisen PW, Meyer G, et al. Tinzaparin vs warfa-
rin for treatment of acute venous thromboembolism in patients
with active cancer: a randomized clinical trial. JAMA. 2015;314-
(7):677-686.

Raskob GE, van Es N, Verhamme P, et al. Edoxaban for the treat-
ment of cancer-associated venous thromboembolism. N Engl j
Med. 2018;378 (7):615-624.

Young AM, Marshall A, Thirlwall J, et al. Comparison of an oral
factor Xa inhibitor with low molecular weight heparin in patients
with cancer with venous thromboembolism: Results of a random-
ized trial (SELECT-D). J Clin Oncol. 2018;36(20):2017-2023.
https:/doi:10.1200/JC0.2018.78.8034

McBane RD2nd, Wysokinski WE, Le-Rademacher JG, et al.
Apixaban and dalteparin in active malignancy-associated venous


https://orcid.org/0000-0003-4134-1509
https://orcid.org/0000-0003-4134-1509
https://doi.org/10.1182/blood.2019004177
https://doi.org/10.1182/blood.2019004177
https://doi.org/10.1182/blood.2020005819
https://doi.org/10.1182/blood.2020005819
https://doi.org/10.1182/blood.2020005819
https://doi.org/10.1200/JCO.19.01461
https://doi.org/10.1200/JCO.19.01461
https://doi.org/10.1016/S1470-2045(19)30336-5
https://doi.org/10.1016/S1470-2045(19)30336-5
https://doi.org/10.1016/S1470-2045(19)30336-5
https://www.nccn.org/professionals/physician_gls/pdf/vte.pdf
https://www.nccn.org/professionals/physician_gls/pdf/vte.pdf
https://www.nccn.org/professionals/physician_gls/pdf/vte.pdf
https://doi.org/10.1007/s12094-019-02263-z
https://doi.org/10.1007/s12094-019-02263-z
https://doi.org/10.1007/s12094-019-02263-z
https://doi:10.1182/bloodadvances.2020003442
https://doi:10.1182/bloodadvances.2020003442
https://doi:10.1182/bloodadvances.2020003442
https://doi:10.1200/JCO.2018.78.8034
https://doi:10.1200/JCO.2018.78.8034

Salgado et al.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

thromboembolism: the ADAM VTE trial. J Thromb Haemost.
2020;18(2):411-421. https:/doi:10.1111/jth.14662

Agnelli G, Becattini C, Meyer G, et al. Apixaban for the treatment
of venous thromboembolism associated with cancer. N Engl J
Med. 2020;382(17):1599-1607. https:/doi:10.1056/NEJMoal9
15103

Carrier M, Blais N, Crowther M, et al. Treatment algorithm in
cancer-associated thrombosis: Canadian expert consensus. Curr
Oncol.  2018;25(5):329-337.  https:/doi:10.3747/c0.25.4266.
Epub 2018 Oct 31.

e-Update SEOM clinical guideline of venous thromboembolism
(VTE) and cancer. https:/seom.org/images/e_ UPDATE_SEOM_
GUIDELINES_2020_161020.pdf

Donato J, Campigotto F, Uhlmann EJ, et al. Intracranial hemor-
rhage in patients with brain metastases treated with therapeutic
enoxaparin: a matched cohort study. Blood. 2015;126(4):494-
499. https:/doi.10.1182/blood-2015-02-626788

Mantia C, Uhlmann EJ, Puligandla M, Weber GM, Neuberg D,
Zwicker JI. Predicting the higher rate of intracranial hemorrhage
in glioma patients receiving therapeutic enoxaparin. Blood.
2017;129(25):3379-3385.

Perry JR, Julian JA, Laperriere NJ, et al. PRODIGE: a randomized
placebo-controlled trial of dalteparin low-molecular-weight
heparin thromboprophylaxis in patients with newly diagnosed
malignant glioma. J Thromb Haemost. 2010;8:1959-1965.

Torio A, Agnelli G. Low-Molecular-Weight and unfractionated
heparin for prevention of venous thromboembolism in neurosur-
gery. A meta-analysis. Arch Intern Med. 2000;160:2327-2332.
Al Megren M, DeWit C, Al Qahtani M, Le Gal G, Carrier M.
Management of venous thromboembolism in patients with
glioma. Thromb Res. 2017;156:105-108. https:/doi.10.1016/j.
thromres.2017.06.010

Carney BJ, Uhlmann EJ, Igandla MP, et al. Intracranial hemorrhage
with direct oral anticoagulants in patients with brain tumors. J
Thromb Haemost. 2018;16:1-5. https:/doi.org/10.1111/jth.14336
Mahé I, Chidiac J, Bertoletti L, et al. The clinical course of venous
thromboembolism may differ according to cancer site. Am J Med.
2017;130(3):337-347.

Mulder FI, van Es N, Kraaijpoel N, et al. Edoxaban for treatment
of venous thromboembolism in patient groups with different types
of cancer: results from the Hokusai VTE cancer study. Thromb
Res. 2020;185:13-19.

Kim JH, Seo S, Kim KP, et al. R. Rivaroxaban versus
low-molecular-weight heparin for venous thromboembolism in
advanced upper gastrointestinal tract and hepatopancreatobiliary
cancer. in Vivo. 2020;34(2):829-837. https:/doi:10.21873/invivo.
11845

Recio-Boiles A, Veeravelli S, Vondrak J, et al. Evaluation of the
safety and effectiveness of direct oral anticoagulants and low
molecular weight heparin in gastrointestinal cancer-associated
venous thromboembolism. World J Gastrointest Oncol. 2019;11-
(10):866. https:/doi:10.4251/wjgo.v11.i10.866

Seo S, Ryu MH, Kang YK, et al. Oral rivaroxaban versus subcuta-
neous low molecular weight heparin treatment for venous throm-
boembolism in patients with upper gastrointestinal, hepatobiliary
and pancreatic cancer. Ann Oncol. 2016;27:vi234.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51,

52.

53.

54.

55.

Voigtlaender M, Langer F. Direct oral anticoagulants for the treat-
ment of cancer-associated venous thromboembolism.
Hamostaseologie. 2017;37(4):241-255.

Moik F, Pabinger I, Ay C. How I treat cancer-associated thrombo-
sis. ESMO Open. 2020 Jan;5(1):e000610.

Launay-Vacher V, Oudard S, Janus N, et al. Prevalence of renal
insufficiency in cancer patients and implications for anticancer
drug management: the renal insufficiency and anticancer medica-
tions (IRMA) study. Cancer. 2007;110:1376-1384. https:/doi.
org/10.1002/cncr.22904.

Bauersachs R. LMWH In cancer patients with renal impairment —
better than warfarin? Thromb Res. 2016;140 Supp 1:S160-S164.
https:/doi.org/10.1016/S0049-3848(16)30116-5.

Hetzel G, Sucker C. The heparins: all a nephrologist should know.
Nephrol Dial Transplant. 2005;20:2036-2042. https:/doi.org/10.
1093/ndt/gfi004, https:/doi:10.1093/annonc/mdw371.87.

Atiq F, van den Bemt PMLA, Leebeck FWG, van Gelder T,
Versmissen JA. Systematic review on the accumulation of prophylac-
tic dosages of low-molecular-weight heparins (LMWHSs) in patients
with renal insufficiency. Eur J Clin Pharmacol. 2015;71(8):921-929.
Woodruff' S, Feugere G, Abreu P, Heissler J, Ruiz MT, Jen F. A post
hoc analysis of dalteparin versus oral anticoagulant (VKA) therapy for
the prevention of recurrent venous thromboembolism (rVTE) in
patients with cancer and renal impairment. J Thromb Thrombolysis.
2016;42:494-504. https./doi.org/10.1007/s11239-016-1386-8.
Bauersachs R, Lee A, Kamphuisen P, et al. Renal impairment, recur-
rent venous thromboembolism and bleeding in cancer patients with
acute venous thromboembolism—analysis of the CATCH study.
Thromb Haemost. 2018;118(05):914-921. https:/doi.org/10.1055/s-
0038-1641150.

Intagliata NM, Henry ZH, Shah N, Liman T, Cladwell SH,
Northup PG. Prophylactic anticoagulation for venous thromboem-
bolism in hospitalized cirrhosis patients is not associated with high
rates of gastrointestinal bleeding. Liver Int. 2014;34:26-32.

Lau C, Burd C, Abeles D, Sherman D. Decision making in venous
thromboembolism prophylaxis: is LWMH being inappropriately
withheld from patients admitted with chronic liver disease? Clin
Med. 2015;15:31-34.

Castaman G, Pieri L. Management of thrombocytopenia in cancer.
Thromb Res. 2018;164:S89-S93.

Kopolovic I, Lee AY, Wu C. Management and outcomes of
cancer-associated venous thromboembolism in patients with con-
comitant thrombocytopenia: a retrospective cohort study. Ann
Hematol. 2015;94(2):329-336.

Samuelson Bannow BT, Lee A, Khorana AA, et al. Management of
cancer-associated thrombosis in patients with thrombocytopenia:
guidance from the SSC ofthe ISTH. J Thromb Haemostasis. 2018;16-
(6):1246-1249. https:/doi:10.1111/jth.14015

Prandoni P, Lensing AW, Piccioli A, et al. Recurrent venous
thromboembolism and bleeding complications during anticoagu-
lant treatment in patients with cancer and venous thrombosis.
Blood. J Am Soc Hematol. 2002;100(10):3484-3488.

Nieto JA, Solano R, Ruiz-Ribo MD, Ruiz-Gimenez N, Prandoni P,
Kearon C & Riete Investigators. Fatal bleeding in patients receiving
anticoagulant therapy for venous thromboembolism: findings from
the RIETE registry. J Thromb Haemostasis. 2010:8(6): 1216-1222.


https://doi:10.1111/jth.14662
https://doi:10.1111/jth.14662
https://doi:10.1056/NEJMoa1915103
https://doi:10.1056/NEJMoa1915103
https://doi:10.1056/NEJMoa1915103
https://doi:10.3747/co.25.4266
https://doi:10.3747/co.25.4266
https://seom.org/images/e_UPDATE_SEOM_GUIDELINES_2020_161020.pdf
https://seom.org/images/e_UPDATE_SEOM_GUIDELINES_2020_161020.pdf
https://seom.org/images/e_UPDATE_SEOM_GUIDELINES_2020_161020.pdf
https://doi.10.1182/blood-2015-02-626788
https://doi.10.1182/blood-2015-02-626788
https://doi.10.1016/j.thromres.2017.06.010
https://doi.10.1016/j.thromres.2017.06.010
https://doi.10.1016/j.thromres.2017.06.010
https://doi.org/10.1111/jth.14336
https://doi.org/10.1111/jth.14336
https://doi:10.21873/invivo.11845
https://doi:10.21873/invivo.11845
https://doi:10.21873/invivo.11845
https://doi:10.4251/wjgo.v11.i10.866
https://doi:10.4251/wjgo.v11.i10.866
https://doi.org/10.1002/cncr.22904
https://doi.org/10.1002/cncr.22904
https://doi.org/10.1002/cncr.22904
https://doi.org/10.1016/S0049-3848(16)30116-5
https://doi.org/10.1016/S0049-3848(16)30116-5
https://doi.org/10.1093/ndt/gfi004
https://doi.org/10.1093/ndt/gfi004
https://doi.org/10.1093/ndt/gfi004
https://doi:10.1093/annonc/mdw371.87
https://doi:10.1093/annonc/mdw371.87
https.//doi.org/10.1007/s11239-016&ndash;1386-8
https.//doi.org/10.1007/s11239-016&ndash;1386-8
https://doi.org/10.1055/s-0038-1641150
https://doi.org/10.1055/s-0038-1641150
https://doi.org/10.1055/s-0038-1641150
https://doi:10.1111/jth.14015
https://doi:10.1111/jth.14015

Clinical and Applied Thrombosis/Hemostasis

56.

57.

58.

59.

60.

61.

62.

Martinez-Montalvo CM, Mondragén-Cardona A,
Maluche-Osorio A, et al. Experiencia en el uso de tromboprofi-
laxis farmacologica en un hospital colombiano de tercer nivel.
Acta Médica Peruana. 2018;35(2):108-115.

Chen P, Zhu B, Wan G, Qin L. The incidence of asymptomatic
thrombosis related to peripherally inserted central catheter in
adults: a systematic review and meta-analysis People’s. Nurs
Open. 2021 Sep;8(5):2249-2261.

Debourdeau P, Farge D, Beckers M, et al. International clinical
practice guidelines for the treatment and prophylaxis of thrombo-
sis associated with central venous catheters in patients with cancer.
J Thromb Haemost. 2013;11:71-80.

Laube ES, Mantha S, Samedy P, Wills J, Harnicar S, Soff GA.
Treatment of central venous catheter-associated deep venous
thrombosis in cancer patients with rivaroxaban. Am J Hematol.
Jan. 2017;92(1):E9-E10. https:/doi.org/10.1002/ajh.24588
Davies GA, Lazo-Langner A, Gandara E, et al. A prospective
study of Rivaroxaban for central venous catheter associated
upper extremity deep vein thrombosis in cancer patients
(Catheter 2). Thromb Res. 2018;162:88-92. https:/dx.doi.org/10.
1016/j.thromres.2017.04.003

Carrier M, Le Gal G, Cho R, Tierney S, Rodger M, Lee AY. Dose
escalation of low molecular weight heparin to manage recurrent
venous thromboembolic events despite systemic anticoagulation
in cancer patients. J Thromb Haemost. 2009;7:760-765. https:/
doi.org/10.1111/j.1538-7836.2009.03326.x

Mulder FI, Kraaijpoel N, Di Nisio M, et al. The Ottawa score per-
forms poorly in cancer patients with incidental pulmonary embo-
lism. Thromb Res. 2019;181:59-63. https:/doi.org/10.1016/j.
thromres.2019.07.005

63.

64.

65.

66.

67.

68.

69.

70.

71.

Schulman S. How I treat recurrent venous thromboembolism in
patients receiving anticoagulant therapy. Blood. 2017;129-
(25):3285-3293. https:/doi.org/10.1182/blood-2017-03-742304
Patel HK, Khorana AA. Anticoagulation in cancer patients: a
summary of pitfalls to avoid. Curr Oncol Rep. 2019;21:18.

Li A, Lopes RD, Garcia DA. Use of direct oral anticoagulants in
special populations. Hematol Oncol Clin N Am. 2016;30:1053-
1071. https:/dx.doi.org/10.1016/j.h0c.2016.05.003.

Pradaxa® Summary of Product Characteristics. Available online:
https:/www.ema.europa.cu/en/documents/product-information/
pradaxa-epar-product-information_en.pdf  (accessed on 5
November 2021)

Xarelto® Summary of Product Characteristics. Available online:
https:/www.ema.europa.eu/en/documents/product-information/
xarelto-epar-product-information_en.pdf ~ (accessed on 5
November 2021)

Eliquis® Summary of Product Characteristics. Available online:
https:/www.ema.europa.eu/en/documents/product-information/
eliquis-epar-product-information_en.pdf on 5
November 2021)

Lixiana® Summary of Product Characteristics. Available online:

(accessed

https:/www.ema.europa.eu/en/documents/product-information/
lixiana-epar-product-information_en.pdf on 5
November 2021)

Noble S, Prout H, Nelson A. Patients’ experiences of LIving with
CANcer-associated thrombosis: the PELICAN study. Patient
Prefer Adherence. 2015;9:337-345.

Noble S, Sui J. The treatment of cancer associated thrombosis:
does one size fit all? Who should get LMWH/warfarin/DOAC?

Thromb Res. 2016;140:S154-S159.

(accessed


https://doi.org/10.1002/ajh.24588
https://doi.org/10.1002/ajh.24588
https://dx.doi.org/10.1016/j.thromres.2017.04.003
https://dx.doi.org/10.1016/j.thromres.2017.04.003
https://dx.doi.org/10.1016/j.thromres.2017.04.003
https://doi.org/10.1111/j.1538-7836.2009.03326.x
https://doi.org/10.1111/j.1538-7836.2009.03326.x
https://doi.org/10.1111/j.1538-7836.2009.03326.x
https://doi.org/10.1016/j.thromres.2019.07.005
https://doi.org/10.1016/j.thromres.2019.07.005
https://doi.org/10.1016/j.thromres.2019.07.005
https://doi.org/10.1182/blood-2017-03-742304
https://doi.org/10.1182/blood-2017-03-742304
https://dx.doi.org/10.1016/j.hoc.2016.05.003
https://dx.doi.org/10.1016/j.hoc.2016.05.003
https://www.ema.europa.eu/en/documents/product-information/pradaxa-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/pradaxa-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/pradaxa-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/xarelto-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/xarelto-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/xarelto-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/eliquis-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/eliquis-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/eliquis-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/lixiana-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/lixiana-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/lixiana-epar-product-information_en.pdf

	 Introduction
	 Thromboprophylaxis in Cancer Patients on Active Chemotherapy: General Recommendations
	 Clinical Guideline Recommendations for Treating CAT
	 Special Situations:
	 Cerebral Tumors and Metastases
	 Gastrointestinal and Genitouriniary Tumors
	 Gastrointestinal Absorption Alterations
	 Renal Insufficiency
	 Liver Failure
	 Thrombocytopenia
	 High Risk of Bleeding
	 Catheter-Associated Thrombosis
	 CAT Recurrence
	 Drug-Drug Interactions
	 Extreme Weights
	 Patient Preference and Adherence

	 Conclusions
	 Acknowledgements
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


