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ABSTRACT

Objective: Cancer patients are at high risk of venous thromboembolism (VTE), a significant cause of
cancer-related death. Historically, low molecular weight heparins (LMWH) were the gold standard ther-
apy for cancer-associated VTE, but recent evidence supports the use of direct factor Xa inhibitors in
cancer-associated VTE and this is now reflected in many guidelines. However, uptake of direct factor
Xa inhibitors varies and guidance on the use of direct factor Xa inhibitors in specific cancer sub-
populations and clinical situations is lacking. This review presents consensus expert opinion alongside
evaluation of evidence to support healthcare professionals in the use of direct factor Xa inhibitors in
cancer-associated VTE.

Methods: Recent guidelines, meta-analyses, reviews and clinical studies on anticoagulation therapy for
cancer-associated VTE were used to direct clinically relevant topics and evidence to be systematically
discussed using nominal group technique. The consensus manuscript and recommendations were
developed based on these discussions.

Results: Considerations when prescribing anticoagulant therapy for cancer-associated VTE include can-
cer site and stage, systemic anti-cancer therapy (including vascular access), drug-drug interactions,
length of anticoagulation, quality of life and needs during palliative care. Treatment of patients with
kidney or liver impairment, gastrointestinal disorders, extremes of bodyweight, elevated bleeding or
recurrence risk, VTE recurrence and COVID-19 is discussed.

Conclusion: Anticoagulant therapy for cancer-associated VTE patients should be carefully selected
with consideration given to the relative benefits of specific drugs when individualizing care. Direct fac-
tor Xa inhibitors are typically the treatment of choice for preventing VTE recurrence in non-cancer
patients and should also be considered as such for cancer-associated VTE in most situations.
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Introduction The pathophysiology of cancer-associated VTE is complex,
several factors are known to increase the risk of VTE, includ-
ing the primary tumor site, stage of cancer, surgical interven-
tion and systemic anti-cancer treatment (SACT)°. A UK cohort
study estimated that the incidence rates of first VTE and VTE
recurrence in patients with active cancer was 5.8 (95% confi-
dence interval [Cl], 5.7-6.0) and 9.6 (95% Cl, 8.8-10.4) per
100 person-years, respectively’. Anticoagulant treatment of
VTE with low-molecular-weight heparins (LMWHs), vitamin K
antagonists (VKAs) or direct factor Xa inhibitors effectively
reduces thrombus progression, recurrence and associated
mortality®.

Historically, LMWHs were considered the gold standard of
care for cancer-associated VTE management, but it requires

Venous thromboembolism (VTE) is associated with poor
prognosis and considerable morbidity'?. It is the most sig-
nificant cause of thrombotic death amongst cancer patients,
accounting for approximately 4,000 cancer-related deaths
each year in England and Wales®. Compared with the general
population, patients with active cancer have a 4- to 7-fold
increased risk of VTE, including deep vein thrombosis (DVT)
and pulmonary embolism (PE)*>. While arterial thrombo-
embolism, disseminated intravascular coagulation and throm-
botic microangiopathy may present in patients with cancer®,
the most common form of cancer-associated thrombosis
(CAT) is VTE, which is the focus of this article.
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subcutaneous injections once or twice daily - a significant
burden for patients who require long-term anticoagula-
tion®'°. VKAs have a high risk of drug-drug interactions
(DDIs) and require frequent laboratory monitoring of inter-
national normalized ratio (INR). Direct oral anticoagulants
(DOACGs), specifically direct factor Xa inhibitors (apixaban,
edoxaban and rivaroxaban), are an appealing alternative in
cancer patients due to the oral route of administration, pre-
dictable pharmacokinetics, rapid onset of action, short half-
life, minimal food and drug interactions, and the lack of
need for INR monitoring'".

Data from pivotal trials have demonstrated the efficacy
and safety of direct factor Xa inhibitors in cancer-associated
VTE'®"27"7 leading to the approval of direct factor Xa inhibi-
tors for managing cancer-associated VTE in the EU'S. In light
of the expanding evidence base, direct factor Xa inhibitors
have been incorporated into several treatment guidelines,
some of which recognize them as a first line option'®™%2
However, in our experience, prescribing of direct factor Xa
inhibitors for treatment of cancer-associated VTE is variable
across the UK, despite the guidelines and supporting trial
data. Reasons for this include concerns around potentially
increased incidence of major bleeding events®, lack of
awareness, inadequate experience in prescribing direct factor
Xa inhibitors, limited data for specific clinical situations, and
uncertainty over their positioning within the anticoagulation
treatment pathway.

Guidance on the role of direct factor Xa inhibitors for man-
aging cancer-associated VTE may be helpful to UK prescribers.
Therefore, in this article we discuss our view on the position-
ing of direct factor Xa inhibitors in the cancer-associated VTE
treatment pathway, and endeavor to provide clarity on the
appropriate prescription of anticoagulants in several sub-
populations with complex clinical considerations. Our
guidance incorporates available evidence supplemented by
our consensus opinion as experienced practitioners in this
field. This correlates with recently published European Society
of Cardiology guidance on cardio-oncology®*.

Methods

Relevant guidelines and recent clinical studies, meta-analyses
and literature reviews on anticoagulation treatment for can-
cer-associated VTE were identified by pragmatic, non-
structured hand searching of available literature relating to
direct factor Xa inhibitor use for cancer-associated VTE.
Searches were conducted on PubMed, Google Scholar and
Ovid online using key word terms, which included cancer-
associated thrombosis, venous thromboembolism, cancer,
DOAC, apixaban, rivaroxaban, edoxaban, LMWH; supplemen-
tary evidence was also provided by the lead authors. The
authors attended a virtual roundtable meeting in which dir-
ect factor Xa inhibitor clinical trial data were examined and
the risk-benefit profile of direct factor Xa inhibitor use in dif-
ferent cancer subpopulations was discussed. Using a nominal
group technique approach, each topic was discussed system-
atically by all clinical expert authors, who provided their
input in turn. Based on these discussions the manuscript

outline was drafted and consensus viewpoints were formu-
lated. The meeting was facilitated by HEOR Ltd and chaired
by ATC and RA. Follow-up discussions and revisions were
conducted via email correspondence facilitated by ARM and
PDG. All authors participated in revisions and approved the
final article. Review and incorporation of comments from the
clinical authors were conducted by ARM and PDG independ-
ently of Bristol Myers Squibb (BMS) and Pfizer.

Current treatment options for patients with cancer-
associated VTE

Direct factor Xa inhibitors vs LMWH in initial treatment
(up to 6 months)

Table 1 summarizes the key phase Ill randomized controlled
trials evaluating the safety and efficacy of direct factor Xa
inhibitors for managing patients with cancer-associated VTE
versus LMWH (dalteparin). The Caravaggio and ADAM VTE tri-
als demonstrated non-inferior VTE recurrence rates with com-
parable bleeding risk for apixaban vs. dalteparin, a
LMWH'"'2 For edoxaban, the Hokusai VTE Cancer study
found that most cancer patients could expect the same out-
comes as with dalteparin, as shown by non-inferiority for
edoxaban in the composite primary outcome of VTE recur-
rence and major bleeding'®. Edoxaban was considered by
the investigators to have an acceptable risk-benefit profile in
most cancer types, according to subgroup analysis of the
Hokusai VTE Cancer trial'*. However, gastrointestinal (Gl) can-
cers had a greater risk of bleeding, and special consideration
is required before prescribing edoxaban in this group'.
SELECT-D and CASTA DIVA (a non-inferiority trial) evaluated
rivaroxaban versus dalteparin>'’. The SELECT-D trial demon-
strated a significant reduction in VTE recurrences with rivar-
oxaban compared with dalteparin, while the CASTA DIVA
trial had insufficient patient data to reach the non-inferiority
criteria. Both found increases in clinically relevant non-major
bleeding (CRNMB) versus LMWH that were comparable to
other direct factor Xa inhibitors. Following review from the
data and safety monitoring committee, the SELECT-D proto-
col was amended to exclude patients with Gl cancers due to
a safety signal of bleeding events with rivaroxaban in this
subgroup”.

A meta-analysis of five major trials (ADAM VTE',
Caravaggio'?, Hokusai VTE Cancer'®, SELECT-D'?, and CASTA
DIVA'’) found direct factor Xa inhibitors were associated
with significantly lower risk of VTE recurrence compared with
LMWH (hazard ratio, HR: 0.63; 95% Cl, 0.47-0.86) but also a
non-significantly higher risk of major bleeding (HR: 1.26; 95%
Cl, 0.84—1.90) and a significantly higher risk of CRNMB (HR:
1.48; 95% Cl, 1.18—1.85)"". Other meta-analyses, which did
not incorporate CASTA DIVA, had broadly similar findings
but variations in confidence intervals led to differing conclu-
sions on statistical significance®®™’. Nevertheless, the out-
comes from these analyses indicate that treatment with
direct factor Xa inhibitors confer a similar improvement in
risk of VTE recurrence to the improvement conferred by
LMWH in comparison to VKAs (relative risk, RR = 0.60, 95%
Cl: 0.45-0.79)*%.



z
©]
=
[+
o
[a}
=
<
T
U
oc
<
w
wv
wl
oc
—
<
Y
[a)
w
=
=
z
w
oc
oc
=1
O

"WISI|OQWA0QWOIY} SNOUIA “JIA ‘Ol3eS pieZRY UORNQLISIPANS ‘YHS ‘ewouldied [[33 snowenbs ))S wsijoqw Aleuow
-Ind ‘34 ‘pavodai Jou ‘YN ‘buipas|q Jofew ‘gyy ‘ones piezey ‘YH ‘[eunssiuioniseb ‘|9 ‘sisoquioyl uldA dasp ‘JAQ SISOQUIOIY) UIDA [eIgaldd ‘IA) ‘Bulpaslq Jofew-uou Jueadjal Ajjedtuld ‘gWNYD ‘ewoupied |33 |eseq ‘))g
‘dnoib ueqgexide ui sjuans buipas|q 04 ‘A1loLR)UI-UOU JO) BNjeA-d,,

'sdnoib 1adued

1sow uj upedayep
(ORI RITENEBY
JeJlwis e sey ueqexop3
‘ueqexopa Yyum

19ybiy sem bBuipas|q
Jofew jo 31 3y}

INQ J9MO| SeM 3DULINIDI
Jo 91es 3y] "buipasiq
Jofew Jo JJA JULINI3I

|ed160j0d3uAb
‘|les1bojorewsy

3d Jo/pue |AQ

JO swodino 3ys0dwod syuow ‘1sealq Jewixoid [ejuspidul »161C89EL0T0ION
9y} Joj uuedayep 01 0 =d 900" =d 71 Jano buipasiq ‘leyusboin 10 >ipewoydwiAs uedaljep Jdue)
Jolisjuluou sem uegexopy (¥6'L '86°0) 8€'L (¥o'€ '€0°1) LL'L (9€°L '0£°0) £L6'0  Jofew Jo JIA JudLINIRY ‘Bun| ‘|9 ade yum sid sdued 'SA Ueqexop3 J1A 1esmjoH
uegexop3
SOYOQd Yym payiodal
Ajsnoinaid asoyy yyum 34 Jo/pue sisoquiosyy
JU]SISUOD DISM SY NS BARD BUSA JOLIBJUI
K13jes pue £oediya ewoaAw
g ‘Auousjuiuou 10 ewoydwiA|
104 UMD pauyapald opelb Jewixoud |eyuspdUL
SY3 Yoeas 03 Juapiynsul c1r=d (sywuow €>) ybiy “1dued 10 JnewoydwiAs unedayjep ,15819¥£T01ON
sem sjuafled Jo Jaquinu ayL (s8°L ‘8LL) 8¥'L (E7°€ '¥0°0) 9€°0 *HHS  “(99'C 'LT°0) SL°0 HHS J1A 3USLN33Y 9Al1>e pljoS Yum sid Jadued  'SA UeQeXoleAly VYAIQ V1SYD
‘uiiedayjep
yum pasedwod gWNYD 1AQ [ewixoud
19yb1y Apuedyiubis unjs syl jo Awnxe
pue gy J3ybiy JDS 40 )Dg Dxa  Jamo| dnewordwAs/Id
INg dUILNA JIA sapueubijew |_3USPIdOUI
Jamoj Ajpuedyiubis yum (syiuow 9>) d160j01e WY 1o JnewoydwiAs uneda)jep < L6LEBSTOION
pa3eosse sem ueqexoieAly (698 '€9°L) 9L°€ (96'7 '89°0) €8'L (66'0 '61°0) £¥°0 J1A JusInd3Yy pue pijos yum sid Jadue)  'SA UBQEXOIRAlY a-15313S
uegexoJeAly
‘syuanied Jsdued uj
J1A JO JuUSWIea1] 3] IOy
$9)eJ dUAMLNIAI J|A pue sapueubijew 1A 10
W MO| YlIM pajeldosse 1820 = d (syruow 9>) d16ojojeway d1uydue|ds/3d/IAG uiiedayjep 01 EL£S8STOLON
sem (|eso0) uegexidy dN 49|qewnss 10N ‘(08£°0 ‘€10°0) 660°0 Buipaalq sofepy pue piog  ande yum sid seoued A ueqexidy I1A WYay
e|lWIYNI| ande
g\ Jo Jo saseiserpw
3SI PIseaIdul ue INoYUM |eigaiadenul
J1A pa1eosse Jadued ‘jown} uleiq 3d/1AQ [ewixoud
JO JuBWIeaI} 3y} 10§ (DS) Krewnd ‘urys ande [ejudapPdUI
uiedayjep 01 JouRjuIUOU 09 =d «l00>d (syiuow 9>) 3Y3 Jo DS o 1o JirewoydwiAs unedayjep 2,90¥SY0E01ON
sem (jeio) ueqexidy (SL'L'2L0) 9L'L (69°L ‘0¥°0) T80 (£0°L "£€°0) €9°0 J1A JUBMN33Y  JDF X sidue) yum sid sdue) ‘s ueqexidy olbbenere)
ueqexidy
(ID %S6) 4H (ID %S6) 4H (ID %S56) 4H Jojesedwo)
S3W021N0 Jo Alewwns JINNYD an dUILNIAI A (s)awomno Arewd sadAy sodue) uonejndod JUOIURAIRIU| [euL

‘suoneindod 31\ PaILIDOSSE-130URD Ul HAT SNSISA SI01iqiyul

ex 103oe} 1D34Ip Bunenjeas sjeul ‘L jqel



4 A. T. COHEN ET AL.

Direct factor Xa inhibitors vs LMWH for secondary
prevention of VTE (beyond 6 months)

The SELECT-D extension study of rivaroxaban vs placebo
evaluated patients after six months of trial anticoagulation,
but the study was insufficiently powered to detect statistic-
ally significant differences in the primary endpoints'®. While
there was an indication of long-term reduction of VTE recur-
rence, along with increased risk of bleeding, the population
was at low risk of recurrence. A post hoc analysis of the
Hokusai VTE Cancer trial, which examined extended therapy
with edoxaban, demonstrated that it was as effective and
had a similar rate of VTE recurrence and bleeding risk as
seen with dalteparin®. The results of the API-CAT
(NCT03692065) and EVE (NCT03080883) trials are eagerly
awaited: they examine reduced dose vs standard dose apixa-
ban after six months of anticoagulation and will provide evi-
dence on the incremental value of dose reduction to reduce
the risk of bleeding versus the risk of VTE recurrence®*?",

A systematic literature review of clinical studies assessing
long-term anticoagulation reinforced current treatment
guidelines, demonstrating that VTE recurrence is still a sig-
nificant risk in those discontinuing anticoagulation after
6 months'. Furthermore, a US retrospective database study
found that although adherence (the extent to which a
patient complies with their prescribed anticoagulant regi-
men) was similar between LMWH and DOACs, treatment per-
sistence was greater for DOACs; i.e. patients remained on
DOACs for longer on average than on LMWH32, This suggests
that, while LMWH s a reliable choice of anticoagulation ther-
apy, it is perhaps less favourable than DOACs for longer-term
treatment, as DOACs are more convenient for patients and
LMWH may involve increased overall cost and treatment
administration burden®3233,

The role of direct factor Xa inhibitors in managing
cancer-associated VTE

Current treatment guidelines for the management of
cancer-associated VTE

Current treatment guidelines for the management of cancer-
associated VTE are summarized in Table 2, in order of publi-
cation date. Due to the protracted writing process and the
ever-evolving landscape, they do not necessarily incorporate
the most up-to-date evidence. All guidelines recommend a
minimum of 3 months of anticoagulation, with most recom-
mending at least 6 months. Extended phases of therapy
beyond 6 months may be considered on an individual basis,
dependent on an appropriate risk to benefit assessment.
Direct factor Xa inhibitors and LMWH are consistently recom-
mended over unfractionated heparin (UFH), fondaparinux
and VKAs, such as warfarin, in most patient subgroups. VKAs
are not recommended as the primary choice but as an
option if direct factor Xa inhibitors or LMWH are contraindi-
cated, inappropriate or unavailable.

In the acute period of treatment for cancer-associated
VTE, typically defined as the first 1-3 weeks, guidelines are
split between recommending direct factor Xa inhibitors'®2%22

or LMWH3*3¢_ It should be noted that, for patients treated
with edoxaban, LMWH is required for the initial 5days fol-
lowing the incident cancer-associated VTE, unlike apixaban
or rivaroxaban which can be initiated immediately®®. Over
the standard treatment period, typically up to 6 months,
guidelines state a preference for direct factor Xa inhibitors
over LMWH'®2%22 or recommend both3>3¢, with the excep-
tion of the National Comprehensive Cancer Network (NCCN)
guidelines, which recommends LMWH?>*,

Despite the availability of treatment guidelines, there
remains variation in how cancer-associated VTE is managed
in the UK, with direct factor Xa inhibitors having not been
fully embraced as a viable alternative to LMWH yet. This is in
part due to a lack of experience of when and how to use dir-
ect factor Xa inhibitors, but also the result of insufficient
guidance for specific and complex clinical situations that are
often encountered during cancer-associated VTE manage-
ment. We discuss some of these topics below and a synopsis
is provided in Figure 1.

Considering cancer site when prescribing
anticoagulation therapy

The site of the primary cancer is a risk factor for VTE, VTE
recurrence and bleeding. Hence, the site of origin is an
important consideration when prescribing anticoagulants for
cancer-associated VTE. In patients with cancer-associated VTE
treated with a direct factor Xa inhibitor, a higher rate of
overall bleeding events has been observed in those with
pancreatic, colorectal, gastroesophageal, and genitourinary
(GU) cancers'>">39, Increased bleeding with direct factor Xa
inhibitors may be due to mucosal bleeding which is influ-
enced by malignancy type and the prescribed direct factor
Xa inhibitor, with higher risk of bleeding in upper gastro-
intestinal (GI) malignancies versus LMWH, particularly with
edoxaban or rivaroxaban*®*'.

Our consensus viewpoint is that patients with luminal
GI/GU cancer with an unresected primary tumor and
tumors at risk of bleeding should not be prescribed edoxa-
ban or rivaroxaban as first-line therapy; LMWH or apixaban
are more suitable treatment strategies, provided no contra-
indications exist*>**. We advise that patients with resected
lower Gl tumors are treated with a direct factor Xa inhibi-
tor as first-line therapy; apixaban may be preferred since
no increased risk of bleeding is apparent in patients with
Gl cancer receiving apixaban versus dalteparin'®'?. We do
not generally recommend direct factor Xa inhibitors in
patients with upper Gl cancer. However, apixaban or
LMWH may be used with caution in this group, based on
the limited trial data available®™; risks (bleeding vs recur-
rence) and treatment preference should be discussed with
the patient.

Data in certain cancer subtypes are insufficient, including
brain metastases and hematological malignancies, often due
to the exclusion criteria of clinical trials. As such, the transi-
tion to direct factor Xa inhibitors in these groups has been
challenging. Nevertheless, real-world evidence suggests simi-
lar safety of direct factor Xa inhibitors and LMWH in patients
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Disease characteristics

We recommend direct factor Xa inhibitors
as first-line anticoagulation therapy for most cancers,
with the following considerations:

We advise that patients with resected lower Gl tumours are
treated with a direct factor Xa inhibitor as first-line therapy

We do not recommend edoxaban or rivaroxaban as first line
in patients with unresected primary luminal GI/GU tumours,
upper Gl cancers or with tumours at risk of bleeding: LWMH
or apixaban are more suitable. In upper Gl cancers LMWH or
apixaban may be used with caution

Cancer treatment considerations

In vascular access thrombosis, consider chemotherapy and
anticoagulants together in the context of VTE and bleed
risk. Guidelines typically recommend LMWH; use caution if
prescribing direct factor Xa inhibitors. If treating beyond

3 months, re-assess risks regularly

We suggest LMWH as first-line in acutely unwell/unstable
inpatients; in stable patients we prefer direct factor Xa
inhibitors, subject to the other considerations

Check for major drug interactions, particularly with
cytochrome P450 3A4 or P-glycoprotein. Check SmPCs of both
anticoagulant and SACT for interactions before prescribing

Direct factor Xa inhibitors may be used in advanced cancer
after individual risk assessment

Discuss any potential DDIs with patients when initiating
direct factor Xa inhibitors and re-evaluate on regimen change

Kidney/liver impairment

Gl disorders and bodyweight

We recommend regular monitoring of kidney function
to ensure optimal treatment

Direct factor Xa inhibitors should be used with caution in
patients with impaired absorption or Gl resection

Direct factor Xa inhibitors can be used in patients with
CrCl > 30 mL/min; apixaban, edoxaban or rivaroxaban use
in kidney-impaired patients with CrCl > 15 mL/min can be
considered case-by-case

Reduced dose LMWH can be used if CrCl < 15 mL/min;
consider switching to a direct factor Xa inhibitor if kidney
function improves

Direct factor Xa inhibitors can be used in patients with liver
impairment unless it is severe and otherwise contraindicated

Direct factor Xa inhibitors (particularly apixaban and
rivaroxaban) can be used in patients without restrictions
for high bodyweight, the greatest experience is in those
up to 150 kg

Direct factor Xa inhibitors should be used with caution in
patients with low body weight (< 50 kg)

Quality of life considerations

CoVvID-19

If the patient prefers oral administration, we recommend
direct factor Xa inhibitors unless contraindicated

Patients receiving anticoagulation before COVID-19 infection
should normally continue current therapy

Anticoagulants may be discontinued where there is limited
benefit in patients approaching end of life

Consider switching to LMWH during hospitalization if patient
is unstable, critically unwell, unable to have oral treatment or
there is concern over DDIs (e.g. with ritonavir); revert to direct
factor Xa inhibitors at discharge where possible

Long-term anticoagulation in patients
at high recurrence risk

Long-term anticoagulation in patients
at high risk of bleeding

We recommend extended anticoagulation, preferably with
direct factor Xa inhibitors, if risk factors for VTE recurrence
are present

For most patients we recommend anticoagulation for at least
3 months after VTE; assess risk individually after this point

Reduced-dose apixaban (2.5 mg BD) or
rivaroxaban (10 mg OD) can be considered if
recurrence risk diminishes or bleeding risk is high

We recommend direct factor Xa inhibitors in patients with
platelet counts down to > 50x10°/L

Upon recurrence, check prior dosage and adherence
then re-assess risk factors for recurrence, e.g. DDIs,
cancer progression

Consider reduced dose LMWH at platelet counts down to
>25x10°/L; below this, consider not using anticoagulation

We recommend continued direct factor Xa inhibitor use after
recurrence; consider increasing dosage or switching, including
to LMWH at full therapeutic dose

Avoid IVC filters where possible in patients
at high risk of bleeding

BD: twice daily; CrCl: creatinine clearance; DDI: drug-drug interactions; Gl: gastrointestinal; GU: genitourinary; IVC: inferior vena cava;
LMWH: low molecular-weight heparin; OD: once daily; SACT: systemic anti-cancer treatment; SmPC: summaries of products characteristics; VTE: venous thromboembolism

Figure 1. Synopsis.

with primary brain tumors and brain metastases, though fur-
ther robust data are required to warrant a recommendation
for direct factor Xa inhibitors in these populations**. We con-
sider observational data to be useful for informing clinical
practice where randomized trial data in sub-populations are
scarce or non-existent, but such data should be used with
caution.

Considering cancer stage when prescribing
anticoagulant therapy

The risk of VTE recurrence and major bleeding increases with
advancing cancer stage®. Accordingly, our consensus view is
to consider whether the cancer is localized, locally spread or
metastatic when prescribing anticoagulation therapy. Cancer



patients may also exhibit highly dynamic characteristics,
including fluctuating platelet count and organ function,
requiring regular modifications to treatment regimens. It is
therefore necessary to individualize patient assessment and
review therapy in response to patients’ evolving needs along
their cancer pathway™®.

Direct factor Xa inhibitors can be prescribed to patients at
any stage of cancer, though locally spread and metastatic
cancers are at a greater risk of recurrent VTE and of major
bleeding events with anticoagulation treatment*’. We sug-
gest advanced stage cancer patients may be treated with
direct factor Xa inhibitors according to an individualized risk-
benefit profile of recurrence and bleeding risk. We also con-
sider LMWH to be the preferred first-line option in acutely
unwell and/or unstable hospitalized patients, as LMWH have
fewer DDIs than direct factor Xa inhibitors**. They also have
a shorter half-life and can be administered in patients with
organ dysfunction, thrombocytopenia, or in need of an inva-
sive procedure, with easier dose management if necessary.
For more stable outpatients, we consider direct factor Xa
inhibitors to be a more suitable long-term option.

Anticoagulation therapy in patients with vascular
access thrombosis

Upper limb and catheter-associated VTE is prevalent in can-
cer patients®®, but there is insufficient guidance on how to
manage it. In addition, patients often have vascular access
devices for delivery of SACT, which are an additional poten-
tial risk factor for bleeding and thrombosis. For these rea-
sons, SACT and anticoagulant regimens should be
considered together in the context of the associated risk.
Guidelines typically recommend LMWH for the treatment of
cancer-associated VTE in patients with line-associated throm-
bosis*®°°, though direct factor Xa inhibitors are used in clin-
ical practice at some centres. More trials are required to
verify observational findings that direct factor Xa inhibitors
preserved line function and reduced recurrence after cath-
eter-associated thrombosis®', and there was no observed dif-
ference in VTE recurrence and bleeding risk versus LMWH?2,
Nevertheless, we suggest both LMWH and direct factor Xa
inhibitors are appropriate treatment options for line-
associated thrombosis and advise a treatment duration of
three months. Should the line remain in place beyond a
3-month treatment period, we suggest the benefit of con-
tinuing anticoagulation, in relation to risk of bleeding or VTE
recurrence, should be regularly re-assessed.

Drug-drug interactions

It should be noted that many DDIs are based on theoretical
knowledge, and there is a paucity of data to establish their
clinical relevance. This can lead to a reluctance to prescribe
direct factor Xa inhibitors. A significant proportion of clinical
trials assessing novel SACT exclude patients who are pre-
scribed direct factor Xa inhibitors because of the lack of
understanding of DDIs, which in turn restricts the availability
of high-quality data on DDIs. In general, we advise to check
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for major drug interactions for acute VTE treatment, particu-
larly those interacting with cytochrome P450 (CYP) 3A4
enzymes or P-glycoprotein (P-gp), to ensure there is a clear
understanding of the risk of DDIs. Edoxaban has minimal
CYP3A4 enzyme interaction and hence may be suitable in
patients receiving concomitant therapy with drugs metabo-
lized via this pathway>>.

A published analysis of DDI databases and summaries of
product characteristics (SmPCs) concluded that warfarin has
greater DDI potential than other anticoagulants, while LMWH
had the lowest potential®>. It also reported that there was no
difference in DDI potential between DOACs as a whole,
although each DOAC may have different degrees or types of
interactions. More specifically, a post hoc analysis of
Caravaggio trial data considered interactions with cytotoxic
agents, demonstrating that patients on apixaban or dalte-
parin showed no increased risk of VTE recurrence or major
bleeding when receiving concomitant anti-cancer therapy>*.
Before prescribing any anticoagulant, the SmPCs of the anti-
coagulant and SACTs should be reviewed to ensure safe use.

The anticoagulant of choice is a shared decision with the
patient and they should be made aware of the likelihood of
any potential DDlIs, preferably with assistance from pharma-
cists to optimize treatment to reduce DDIs>>. Some patients
with moderate risk of DDI may be willing to have assessment
of anti-factor Xa levels to avoid regular injectable therapies;
therefore, personalized care should always be provided.
However, regular monitoring is of no value in ensuring thera-
peutic anti-factor Xa levels since target ranges have not
been established and there is no evidence to guide changes
in management based on anti-factor Xa levels. Nevertheless,
where DDIs are of concern, measuring anti-factor Xa plasma
levels, on an individual basis, may be considered. In addition
to SACT, we suggest supportive care and concomitant medi-
cation such as anticonvulsants or antifungal therapy should
be reviewed for potential DDIs. Caution should also be given
to concomitant prescription of antiplatelet agents, specifically
thienopyridines (clopidogrel) and/or aspirin, as evidence sug-
gests elevated bleed risk in those receiving oral anticoagu-
lants®®. As a consensus group, we recommend that the
decision to extend treatment with anticoagulants should be
regularly evaluated to consider the dynamic risk of VTE and
bleeding related to the cancer (response or progression),
cancer treatment, which can include sudden wholesale
change of “line of treatment” and individual patient factors.

Quality of life considerations

Patients generally prefer orally administrable options over
injectable treatments, assuming it causes minimal disruption
to current SACT>’. Patients have shown improved treatment
satisfaction for DOACs compared to VKAs®®, and LMWH>°=",
In the SELECT-D trial, there was no difference in measurable
health-related quality of life or coping with LMWH vs rivarox-
aban'?, but the COSIMO study found that patients with can-
cer-associated VTE who switched from LMWH to rivaroxaban
had improved treatment satisfaction®®. A similar outcome
was seen in the ADAM-VTE trial, whereby patient satisfaction
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scores favored apixaban over dalteparin'®. Furthermore,
greater treatment satisfaction is associated with better adher-
ence, compliance and persistence®?, thereby improving treat-
ment outcomes. With this in mind, our consensus view is
that DOACs should be used where there is patient prefer-
ence for oral administration over parenteral, unless DOAC
use disrupts anti-cancer regimens or is contraindicated.

Appropriate use of anticoagulation therapy in palliative
care

Existing guidelines for cancer-associated VTE do not consider
optimal anticoagulation treatment in palliative care, and rec-
ommend indefinite anticoagulation for patients with active
cancer®. However, for terminally ill cancer patients, we sug-
gest to balance priorities when prescribing anticoagulants,
with particular regard to the inconvenience and discomfort
of parenteral agents. We therefore suggest that anticoagu-
lants may be discontinued altogether in circumstances where
there is limited benefit and patients are at the end of life.

Role of direct factor Xa inhibitors in cancer patients
with complex clinical needs

Cancer patients often have complex needs that require care-
ful consideration when prescribing anticoagulants, including
those with kidney or liver impairment, gastrointestinal disor-
ders, nausea/vomiting, extremes of body weight, increased
risk of bleeding, increased risk of VTE recurrence and patients
hospitalized with COVID-19.

Kidney impairment

Kidney function must be taken into account when consider-
ing an anticoagulation regimen. In line with the phase Il dir-
ect factor Xa inhibitor registration studies, we suggest
calculating creatinine clearance (CrCl) instead of estimated
glomerular filtration rate (eGFR) in patients receiving a direct
factor Xa inhibitor to avoid overestimating kidney function.
Due to the exclusion criteria of many trials, there are limited
clinical data surrounding the use of anticoagulants in
patients with cancer-associated VTE and moderate to
severely impaired kidney function. However, a post hoc ana-
lysis of Caravaggio showed that moderate kidney impairment
(CrCl 30-59 mL/min) was not associated with an increased
risk of major bleeding or recurrent VTE in cancer patients
treated with apixaban or dalteparin, supporting the use of
direct factor Xa inhibitors in patients with moderate kidney
impairment®’. We suggest initiating apixaban in patients
with kidney impairment owing to the reduced dependence
on renal clearance versus other direct factor Xa inhibitors®”.
Based on our consensus, we recommend that patients with
cancer can be offered apixaban if CrCl is greater than
30mL/min. The SmPC allows patients for CrCl as low as
15mL/min to be prescribed apixaban®, but this should be
considered carefully on a case by case basis, similarly to
comparable patients without cancer.

For patients with CrCl < 15 mL/min or on kidney replace-
ment therapy we recommend LMWH at a reduced dose and,
should kidney function improve, we support switching to a
direct factor Xa inhibitor. It is important to note that thera-
peutic doses of LMWH may also accumulate in patients with
severe kidney impairment and subsequent measurement of
anti-Xa levels may be indicated.

Elevated risk of VTE recurrence is an important factor to
consider in patients with kidney impairment. Additionally,
prescribing anticoagulants in these patients may be further
complicated by the presence of comorbidities and/or end-
stage kidney disease, where anticoagulation may be affected
by dialysis. Kidney function may also fluctuate significantly
over relatively short periods. We therefore recommend regu-
lar monitoring of kidney function to ensure treatment
remains optimized.

Liver impairment

A reduction in liver function is likely to affect the safety and
effectiveness of anticoagulant treatment, as well as the
detoxification of chemotherapy. We consider direct factor Xa
inhibitors to be the preferred anticoagulant option unless
liver impairment is sufficiently severe for them to be contra-
indicated (as defined in the individual SmPCs). Patients with
hepatocellular or pancreatic cancer may be at an increased
risk of liver impairment. For this reason, we recommend liver
function tests and assessment of patients according to the
Child-Pugh score; low serum albumin may also be a sign of
significant liver impairment in this patient group®”. We rec-
ommend special consideration should be given to potential
DDIs in liver-impaired patients prescribed anticoagulants,
and we suggest individualized treatment decisions should be
made according to patient condition.

Gastrointestinal disorders and nausea/vomiting

In general, we suggest patients with Gl conditions can be
given direct factor Xa inhibitors for cancer-associated VTE
management. However, patients with acute nausea, persist-
ent vomiting or dysphagia who are unable to take oral medi-
cation and do not receive nasogastric intubation, may be
managed temporarily with LMWH®, Should GI complications
subside, we suggest that treatment should be reverted to
direct factor Xa inhibitors. We consider that there is a need
for caution when prescribing DOACs to patients with pos-
sible impaired Gl absorption such as those with bowel dis-
ease or substantial resection. Limited evidence suggests that
DOAC absorption varies depending on the resection site®”;
however, further research is required to confirm such associ-
ations. Many patients are able to absorb DOACs despite
resection, but we recommend measuring a drug-specific
anti-factor Xa level or to assess plasma concentration and
confirm absorption. However, it is important to note that
measuring DOAC levels is of limited use as therapeutic
ranges are yet to be clearly defined’®. The dynamic nature of
Gl complications in cancer patients should be considered



and we recommend that anticoagulation regimens should be
adapted accordingly.

Extremes of body weight

The International Society on Thrombosis and Haemostasis
(ISTH) guidelines (2021) state that standard doses of rivaroxa-
ban and apixaban are appropriate treatment strategies for
VTE regardless of high bodyweight (>120kg) and BMI
(>40kg/m?), and regular peak or trough measurements are
not considered necessary’'. However, the NICE guidelines
are yet to be updated and only recommend direct factor Xa
inhibitors in patients with a body weight lower than 50kg or
greater than 120kg if therapeutic levels are monitored®2. As
a consensus group, we support direct factor Xa inhibitor use,
particularly apixaban and rivaroxaban, in patients with upper
extremes of body weight up to 150 kg, given that pharmaco-
kinetic data and real-world evidence suggest that direct fac-
tor Xa inhibitors are unlikely to require dose alterations. For
example, an observational study of 100 patients weighing
over 120kg reported reassuring pharmacokinetic data for
DOACs in patients up to 230kg’%. However, the number of
patients with weights exceeding 150kg included in previous
studies have been limited, thus we suggest caution may be
warranted in this subgroup and checking a trough level may
be considered in these patients.

Conversely, for patients with very low body weight
(<50kg), we recommend particular care should be given to
the prescription of anticoagulants, in part due to the paucity
of data in underweight patients. The Hokusai VTE trial was
the only trial assessing a direct factor Xa inhibitor that strati-
fied dosing by body weight, demonstrating efficacy and
safety in underweight patients (<60kg) at a reduced dose
(30mg)”3, a recommendation which can be found in the
SmPC3®, Additionally, a cross-sectional study found that
underweight (<60kg) cancer patients treated with half-dose
(2.5 mg, twice daily) apixaban had comparable plasma trough
levels to patients with bodyweight greater than 60kg at full
dose’. It should be noted that reduced doses of apixaban
and rivaroxaban are not specifically licensed in this setting.
Nevertheless, we urge caution for prescribing direct factor Xa
inhibitors, including edoxaban, in patients with very low
body weight as there is insufficient data to confirm their
safety. We consider LMWH to be a viable alternative in
patients with extreme low body weight, although minimal
subcutaneous fat in some patients will complicate
administration.

Long-term direct factor Xa inhibitor therapy in patients
with cancer-associated VTE at high risk of bleeding

When prescribing anticoagulants, we recommend that the
clot type (DVT or PE) and site (distal or proximal DVT; periph-
eral PE or central PE) should be taken into consideration, as
well as the length of time since the VTE event. Additionally,
consideration should be given to the reversibility of anti-
coagulant therapies when prescribing in patients at elevated
risk of bleeding””.
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In most patients, anticoagulation therapy should be pre-
scribed for a minimum of 3 months following a VTE event,
according to most guidelines (Table 2). After this treatment
period, it should be ensured that those with a comparatively
low VTE recurrence risk and high bleed risk are not treated
with anticoagulants beyond the period where risk outweighs
benefit. In those with moderate to low bleeding risks, we
suggest that anticoagulation may continue for longer than
six months if a patient has an active underlying disease or
risk factors for VTE recurrence are still present.

Thrombocytopenia a reduction in the number of circulat-
ing platelets that is common in cancer patients, can result in
bleeding and bruising, and retard blood clotting after injury.
It often presents as a “dynamic risk” to patients during anti-
cancer therapy, as platelet counts can fluctuate signifi-
cantly’®. Currently, there is limited data on the use of direct
factor Xa inhibitors in patients with significant thrombocyto-
penia due to exclusion criteria in many trials. Nevertheless,
our consensus is that direct factor Xa inhibitors should be
prescribed in patients with platelet counts as low as
50 x 10%/L. If counts are lower than this, we advise consider-
ing platelet support and reduced dose LMWH down to a
minimum platelet count of 20-25 x 10%/L, with careful con-
sideration given to the timing of acute or non-acute VTE
recurrence. For those with platelet counts below 20 x 10°/L,
we advise considering withholding anticoagulation.

Dose reduction is preferable to discontinuing therapy
entirely, and platelet transfusions should also be considered
for patients with acute VTE to enable therapeutic dose anti-
coagulation to be administered, particularly in the first
month after VTE when VTE-related death and recurrence are
particularly high”’.

Where it is possible, we recommend that inferior vena
cava (IVQ) filters should be avoided, though, they may be
necessary in patients with a very recent VTE who are actively
bleeding or who have an absolute contraindication to antico-
agulation therapy. If required, retrievable IVC filters should
be used and should be removed when bleeding risk has sub-
sided and anticoagulants can be used.

Long-term direct factor Xa inhibitor therapy in patients
with cancer-associated VTE at high risk of recurrence

All patients should be assessed for their risk of recurrences
at 3-6 months, in consultation with their oncologists, evaluat-
ing cancer progression and anticoagulation strategies,
according to clinical guidelines. Many cancer-associated VTE
patients will have long-term risk factors that will maintain
the risk of recurrence over longer periods, such as active can-
cer, metastatic disease, concurrent SACT, a previous history
of venous thrombosis, and the ongoing presence of central
lines. In these instances, we recommend extended anticoagu-
lation, preferably using direct factor Xa inhibitors, for as long
as the risk factors remain present. Should the patient also be
deemed to have a high risk of bleeding, we suggest that a
reduced dose of apixaban (2.5mg BD, instead of 5mg BD) or
rivaroxaban (10 mg OD, instead of 20 mg OD) can be consid-
ered. Further evidence on the long-term efficacy of reduced
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dose apixaban is expected from the API-CAT and EVE tri-
als®*>3', We suggest that factors such as the presence or
absence of residual DVT at 6 months, but not an elevated D-
dimer in cancer patients, may be taken into consideration
when determining whether to continue anticoagulation.

Recurrent VTE may still occur in patients receiving antico-
agulation treatment. Therefore, when managing a suspected
recurrence while on treatment, we recommend that it should
first be established whether there is a true recurrence.
Extensions of existing clots are difficult to diagnose without
definitive diagnostic imaging. Next, it should be established
whether the patient is on appropriate anticoagulation treat-
ment at the correct dose and is sufficiently adherent. Once
these factors are ascertained, other risk factors for recurrence
should be considered, including DDIs and progression of the
cancer. Evidence is supportive of continuing direct factor Xa
inhibitors, which are associated with the lowest rates of VTE
recurrence in patients with cancer-associated VTE when com-
pared to LMWH and VKAs®7®, Patients on a direct factor Xa
inhibitor who have had a recurrence should preferably
receive increased dosing, up to the maximum licensed dose
if necessary, or switch to alternative direct factor Xa inhibi-
tors. However, we suggest switching to a full therapeutic
dose of LMWH may also be considered, and if recurrence
arises while already on therapeutic LMWH we advise increas-
ing the dose of LMWH by 20-25% and considering conduct-
ing an anti-Xa assay.

The effect of COVID-19 on medical care for patients
with cancer-associated VTE

Cancer patients with coronavirus infections are more likely to
be hospitalized and develop VTE versus those without can-
cer’®. However, there are no specific treatment guidelines
regarding extended thromboprophylaxis or VTE treatment in
cancer patients with COVID-19 infection®°.

If patients are already receiving anticoagulation therapy
before infection we recommend that they should remain on
the same therapy. If necessary (for example, if patients are
unstable, critically unwell, or unable to ingest oral therapies),
we advise that clinicians should consider switching to LMWH
for the duration of the inpatient stay, in line with published
guidance for VTE prophylaxis in patients with COVID-198"%2,
Additionally, consideration should be given to potential DDIs
when treating with direct factor Xa inhibitors. DOACs may
also interact with certain antiviral medication such as ritona-
vir (@ component of Paxlovid), resulting in increased expos-
ure to the DOAC and increased risk of bleeding®. Hence,
where there is particular concern surrounding DDIs, we sug-
gest LMWHs may be considered as an alternative. Before
patients are discharged from hospital, they should generally
be re-commenced on the medication they were admitted on
where possible.

Conclusion

This article provides guidance on the management of can-
cer-associated VTE in diverse circumstances based on the

consensus opinion of clinicians from a range of specialisms
with expertise in treating these patients. Although a system-
atic approach was used, a limitation of the article is that it
does not constitute a formal treatment guideline, as a com-
prehensive guideline-writing methodology was not applied.

DOACs are typically the standard of care for preventing
VTE recurrence in non-cancer patients and should also be
considered as the standard of care for first-line treatment for
VTE in patients with cancer. Anticoagulation through the use
of LMWH reduces VTE recurrences by 40% compared to
VKAs®, and recurrence may be further reduced by 40%
when managed with direct factor Xa inhibitors compared to
LMWH?’, demonstrating the fundamental benefit of appro-
priate use of direct factor Xa inhibitors for patients with can-
cer-associated VTE. The challenges associated with managing
cancer patients mean that they should be carefully selected
for the most appropriate class of anticoagulant therapy, and
consideration should be given to the relative benefits of spe-
cific drugs when tailoring individualized care. LMWH may be
preferred in some clinical settings, particularly in acutely
unwell and/or unstable patients and patients with upper Gl
cancer, since there is more experience in prescribing LMWH,
fewer DDIs and lower bleeding risk. Individualized care per-
sonalized to patient requirements and preferences is always
required. However, increased use of direct factor Xa inhibi-
tors to manage cancer-associated VTE has the potential to
reduce the incidence of VTE recurrence and the associated
morbidity and mortality.
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