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ABSTRACT



Introduction and objective: The aim is to analyze which is the best
direct  oral  anticoagulant  in  terms  of  safety/efficacy  for  deep  vein
thrombosis treatment in oncological patients.
Methods:  This  meta-analysis  is  reported  in  accordance  with
Preferred Reporting Items for Systematic Review and Meta-Analysis
(PRISMA) 2020 guidelines. Ethical approval was not required for this
work. Inclusion criteria were randomized controlled trials comparing
low-molecular weight heparin (LMWH) vs. direct oral anticoagulant for
the treatment of cancer-associated thrombosis. We included all direct
oral anticoagulants independent of their mechanism of action (factor
II and factor X inhibitors). MEDLINE and SCOPUS electronic databases
were searched.  A fixed and random effects  model  was performed.
Efficacy  outcome  was  rethrombosis  incidence  and  safety  outcome
was major bleedings. 
Results:  A total  of  1276 studies  were analyzed,  from which 1272
were excluded by tittle/abstract. 4 randomized controlled trials met
inclusion criteria,  with a total of 2894 patients. Apixaban (n = 721)
was compared to low-molecular weight heparin (n = 721), edoxaban
(n = 522) vs. LMWH (n = 524), and rivaroxaban (n = 203) vs. LMWH
(n = 203). The results showed that the incidence of rethrombosis was
lower with any DOAC than with LMWH, without significant differences
between them.  However,  in  terms of  security,  edoxaban (OR 1.77
[1.02-3.08])  and  rivaroxaban  (OR  1.88  [0.68-5.19])  had  a  higher
bleeding  incidence  than  LMWH,  while  apixaban  showed  a  similar
safety profile compared to LMWH (OR 0.90 [0.50-1.62].
Conclusion:  Apixaban has the best profile in terms of efficacy and
safety for the treatment of cancer-associated thrombosis. 

Keywords:  Venous  thromboembolism.  Cancer-associated
thrombosis. Direct oral anticoagulants. Low-molecular weight heparin.

RESUMEN



Introducción y objetivo: analizar cuál es el anticoagulante oral de
acción directa con mejor relación eficacia/seguridad en el tratamiento
de la trombosis venosa asociada a cáncer.
Métodos: este metaanálisis ha sido reportado en adherencia a guías
PRISMA.  Los  criterios  de inclusión  fueron  aquellos  ensayos clínicos
aleatorizados  que  compararan  heparina  de  bajo  peso  molecular
(HBPM)  con  anticoagulante  oral  (NACO)  para  el  tratamiento  de  la
trombosis venosa profunda asociada a cáncer. Se incluyeron todos los
anticoagulantes  orales,  independientemente  de  su  mecanismo  de
acción. Se realizó la búsqueda bibliográfica en las bases de datos de
MEDLINE y SCOPUS. Para el análisis estadístico se realizó un modelo
de efectos fijos y aleatorios.
Resultados: se  analizó  un total  de  1276  estudios,  de  los  que  se
excluyeron  1272  por  título/abstract.  Cuatro  ensayos  clínicos
cumplieron  los  criterios  de  inclusión,  sumando  un  total  de  2894
pacientes. Apixabán (n = 721) fue comparado con HBPM (n = 721),
edoxabán (n = 522) con HBPM (n = 524) y rivaroxabán (n = 203) con
HBPM (n = 203).  Los  resultados  demostraron  que  la  incidencia  de
retrombosis  fue  menor  con  cualquier  NACO  que  con  HBPM,  sin
diferencias estadísticamente significativas entre NACO. Sin embargo,
en  términos  de  seguridad,  edoxabán  (OR  1,77  [1,02-3,08])  y
rivaroxabán (OR 1,88  [0,68-5,19])  presentaron  una  tasa  mayor  de
sangrados  que  HBPM,  mientras  que  apixabán  tuvo  un  perfil  de
seguridad similar a HBPM (OR 0,90 [0,50-1,62].
Conclusión: apixabán  presenta  el  mejor  perfil  de  seguridad  y
eficacia  para  el  tratamiento  de  la  trombosis  venosa  profunda
asociada a cáncer.

Palabras clave: Trombosis Venosa Profunda. Trombosis asociada a
cáncer.  Anticoagulantes orales de acción directa.  Heparina de bajo
peso molecular.



INTRODUCTION
Venous  thromboembolism  (VTE),  which  includes  deep-vein
thrombosis, superficial-vein thrombosis, and pulmonary embolism, is
a frequent complication in patients with cancer, and it is associated
with  poorer  prognosis  (1).  The  primary  modality  treatment  is
anticoagulant therapy for at least 3 months (2,3). Effective treatment
of VTE relies on a balance between the prevention of recurrence and
the incidence of bleeding complications (4). In patients with cancer,
management of VTE may be especially difficult, as this population has
high risk of both recurrent events and major hemorrhages (5). 
Direct  oral  anticoagulants  (DOAC)  are  nowadays  recommended  as
first line treatment for VTE in non-cancer patients (2,6-8). They can be
classified between direct factor Xa inhibitors (apixaban, rivaroxaban,
and  edoxaban)  and  direct  factor  II  inhibitor  (dabigatran).  They  all
have better safety/efficacy profile than classical ones (subcutaneous
low molecular weight heparin (LMWH) or unfractioned heparin, and
vitamin  K  antagonist)  (2,6).  They  have  a  predictable  effect,  the
administration is oral, there is no need for frequent monitoring, and
the number of drug interactions is limited. This has been confirmed in
several randomized controlled trials [RCT] (9-13) and meta-analysis
(14-19). 
However,  in  cancer-associated  thrombosis  (CAT)  guidelines  still
recommend LMWH owing to the scarce cancer-specific data regarding
the anticoagulant of choice (2,20). As an oral treatment instead of
subcutaneous  injection,  DOACs  could  be  specially  interesting  for
patients with cancer, as they have higher anticoagulation interruption
and discontinuation rates that people without cancer (21). During last
years,  different RCTs comparing CAT treatment (DOACs vs.  LMWH)
have been conducted (22-25), demonstrating similar efficacy between
DOAC  and  LMWH  in  terms  of  VTE  recurrence,  which  has  been
confirmed in different meta-analysis (26-28). Nonetheless, the main
concern  with  DOACs and  patients  with  active  cancer,  is  that  they
could increase bleeding rates (8). There is a network meta-analysis in



patients without cancer suggesting that apixaban is associated with a
lower  risk  of  major  or  clinically  relevant  non-major  bleeding  than
other (14).
 To the best of our knowledge, regarding specific cancer-data, there is
only one network meta-analysis published in the literature comparing
different DOACs in CAT treatment (29). It studied only direct factor X
inhibitors  and  was  published  in  2021.  Therefore,  we  considered
necessary to conduct this updated network meta-analysis without any
exclusion criteria regarding the type of  DOAC (factor  X or factor  II
inhibitors). 

MATERIALS AND METHODS
Study registration and ethics
This meta-analysis is reported in accordance with Preferred Reporting
Items  for  Systematic  Review  and  Meta-Analysis  (PRISMA)  2020
guidelines  (30).  Ethical  approval  was  not  required  for  this  work.
PROSPERO registration was attempted but not accepted due to the
existence of a closely related systematic review on the same topic. 

Eligibility criteria
The inclusion criteria were RCTs comparing LMWH vs. DOAC for the
treatment of cancer associated thrombosis. All DOACs, irrespective of
their mechanism of action were included. There was no restriction on
year of publication. Exclusion criteria were non-English RCTs, studies
conducted in children, conference abstracts, systematic reviews, case
reports, non-interventional, and pre-clinical studies. 

Data sources and search criteria
A  systematic  literature  search  was  performed  in  MEDLINE  and
SCOPUS based on the PRISMA 2020 guidelines. The search stratedy
included controlled terms from the Medical Subject Headings (MeSH)
thesaurus, as well as free-text keywords. MeSH terms and keywords
were  combined  using  Boolean  operators  (AND/OR).  The  search



strategies are presented in table I. All rendered results were imported
to  EndNote®  version  20.4  (Clarivate,  Philadelphia,  PA,  USA)  and
duplicates were removed.  Titles  and abstracts  of  identified articles
were  independently  screened  by  two  reviewers  for  potentially
relevant  studies.  Those  selected  underwent  full-text  review.
Discrepancies  regarding  inclusion  were  settled  by  a  third  (senior)
reviewer. 

Data extraction and outcome of interest
Two authors performed the data extraction using a Microsoft Excel®
(Microsoft Corporation, Redmond, WA, USA) template prepared prior
to  the  literature  search.  Both  reviewers  extracted  the  data
independently and discrepancies were settled by a third author. We
extracted  information  regarding  the  year  of  publication,  patients
demographics (age and sex), number of patients included, treatment
characteristics,  and  the  outcome  of  interest.  Major  bleeding  was
defined as overt bleeding that was associated with a decrease in the
hemoglobin level of 2 g per deciliter or more, led to transfusion of 2 or
more units of red cells, occurred in a critical site, or contributed to
death (31).

Quality and risk of bias assessment
Two  reviewers  independently  evaluated  the  included  studies
according  to  the  Cochrane  Handbook  for  Systematic  Reviews  of
Interventions, version 6.3 (32). The risk of bias was assessed by the
Cochrane risk-of-bias tool for RCTs (RoB2) (32). Seven domains were
evaluated:  random  sequence  generation,  allocation  concealment,
blinding  of  participants  and  personnel,  blinding  of  outcome
assessment, incomplete outcome data, selective reporting bias, and
other biases (32). Each item was classified as low-risk, high-risk, or
raising  some  concerns.  Discrepancies  were  settled  by  a  third
reviewer.



Statistical analysis
Statistical  analyses  were  conducted  using  R®  version  4.2  for
Windows® [R Foundation for Statistical Computing, Vienna, Austria)
with the net-meta package (version 3.2-0). The study characteristics,
and patient demographics were reported descriptively. Dichotomous
data were synthesized as treatment odds ratio (OR) with asymptotic
95%CI  to  assess  the  study-wise  treatment  effects.  We  used  a
frequentist  graph-theoretical  approach  for  network  meta-analysis
based on the inverse variance method to calculate the common effect
estimate. Both classic fixed-effects and, two-level DerSimonian-Laird
random  effects  models  were  fitted  to  account  for  inter-study
heterogeneity. For the random case, heterogeneity was assessed by
calculating the I2 index.
 
Unit of analysis issue
For crossover studies, we used data from the first treatment period. If
the  trials  were  assessed  in  more  than  one  control  group,  we
implemented the primary  analysis  to  combine  the data from each
control  group.  Each  patient  was  evaluated  only  once  during  the
analyses.

Missing data
We attempted to contact the corresponding author in case of missing
data. If no response was obtained, we ultimately excluded the study. 

Results
A total of 1276 records were retrieved by literature search, and as
shown in the PRISMA Flow Diagram (30) (Fig. 1), among the studies
screened, four trials met inclusion criteria (9,22-25). 



Figure 1. PRISMA flow diagram.

Study characteristics and risk of bias assessment
All  four  articles  were  parallel-group  RCTs.  Three  studies  were
conducted in America, one in Europe, totalizing of 2894 patients (Fig.
2). 



Figure 2. Network description.

Table I  summarises the characteristics of  the included RCTs.  Inter-
study heterogeneity was low (I2 = 2.5%). In McBane’s study (25), the
most  frequent  cancers  were  lung  (34.6%),  colorectal  (31.8%),
pancreatic/hepatobiliary (31.8%), breast (19%), gynecologic (19.6%),
genitourinary (18%), lymphoma (10.9%), and upper gastrointestinal
(7.5%).  In  Agnellis’  study  (24),  the  most  frequent  cancers  were
colorectal  (40.5%),  lung  (34.6%),  breast  (26.8%),  genitourinary
(24.1%),  gynecological  (20.6%),  pancreatic  or  hepatobiliary  (15%),
hematological (14.7%), and upper gastrointestinal (9.4%). In Young’s
study (23),  the most  frequent  cancers  were colorectal  (50%),  lung
(23%),  breast  (20%),  ovarian  (15%),  pancreatic  (14%),  and
hematological (14%). In Raskob’s trial (22), the most frequent cancers
were  colorectal  (31%),  lung  (29.1%),  genitourinary  (26%),  breast
(23.8%),  gynecological  (23%),  hematological  (21.2%),  pancreatic or
hepatobiliary (16%), and upper gastrointestinal (10.3%).

Table I. Characteristics of the included studies



Refere
nce

Ye
ar

Coun
try

Type  of
study

Interven
tion

Compari
son

No  of
patients

McBan
e

20
19

USA RCT
Apixaba
n

LMWH 287

Agnelli
20
20

Italy RCT
Apixaba
n

LMWH 1155

Young
20
18

USA RCT
Rivaroxa
ban

LMWH 406

Rasko
b

20
17

USA RCT
Edoxaba
n

LMWH 1046

RCT: randomized clinical trial; LMWH: low-molecular weight heparin.

All trials had low risk of selection and reporting bias, while they had
high risk of performance bias. One study had low risk of detection and
attrition bias (23), while the other three had moderate risk (22,24,25).
The overall certainty of evidence was moderate.
 
Outcome of interest
Apixaban (n = 721) was compared to low-molecular weight heparin
(n = 721), edoxaban (n = 522) vs. LMWH (n = 524), and rivaroxaban
(n = 203) vs. LMWH (n = 203). The results showed that the incidence
of rethrombosis was lower with any DOAC than with LMWH, without
significant  differences  between  them,  in  both  direct  (Fig.  3)  and
indirect contrast (Fig. 4).



Figure  3.  Forest  Plot  with  direct  contrast  comparing  efficacy  in
rethrombosis prevention with LMWH vs. DOACs.

Figure 4.  Forest  Plot  with  indirect  contrast  comparing  efficacy  in
rethrombosis prevention with LMWH vs. DOACs.

However, in terms of security, edoxaban (OR 1.77 [1.02-3.08]) and
rivaroxaban (OR 1.88 [0.68-5.19])  had a higher  bleeding incidence
than LMWH, while apixaban showed a similar safety profile compared
to LMWH (OR 0.90 [0.50-1.62], as we can see in both direct (Fig. 5)
and indirect contrast (Fig. 6).



Figure 5.  Forest  Plot  with  direct  contrasts  comparing  safety  with
LMWH vs. DOACs.

Figure 6.  Forest plot with indirect contrasts comparing safety with
LMWH vs. DOACs.

DISCUSSION
The present systematic review and network meta-analysis found that
in  cancer-associated  thrombosis,  DOACs  have  higher  efficacy  in
rethrombosis prevention than LWMH. However, they are associated



with more bleedings except for apixaban, which has shown to be the
most adequate choice in terms of efficacy and safety.
DOACs are the treatment of choice of VTE as has been reflected in
recent  guidelines,  as  they  have  a  predictable  effect,  the
administration is oral, there is no need for frequent monitoring, and
the  number  of  drug  interactions  is  limited  (2,6-8).  Edoxaban  and
dabigatran required parenteral anticoagulation before being started.
However,  apixaban  and  rivaroxaban  are  started  without  initial
parenteral  therapy, but require higher doses (10 mg b.d for  seven
days, followed by 5 mg b.d for apixaban, and 15 mg b.d for three
weeks, followed by 20 mg o.d for rivaroxaban). 

However,  for  VTE  in  oncological  patients,  guidelines  recommend
LMWH as the treatment of  choice for cancer-associated thrombosis
(2,20). One of the main reasons is that  LMWH is reliable in patients
who have difficulty with oral therapy (eg, vomiting), and is considered
safer in terms of bleedings in this subtype of patients (2), although in
the  past  years  this  theoretical  benefit  of  LMWH  has  not  been
confirmed  in  recent  RCTs  (22-25).  The  studies  have  shown  that
DOACs are more effective than LMWH, which has been confirmed by
two systematic reviews and meta-analysis (26,28). 
Nonetheless, the main concern with DOACs in oncological patients is
the bleeding incidences, as they could be increased (8). In a network
meta-analysis in patients without cancer they found that apixaban is
the  DOAC  with  a  lower  bleeding  risk,  comparable  to  LMWH  (14).
Afterwards, a network meta-analysis was performed by Sampaio et al
in patients with cancer demonstrating the same results: apixaban was
the drug with the best safety profile (29), although they only included
studies with direct factor X inhibitors and was published in 2021. That
is the reason why we have conducted this updated network meta-
analysis without any exclusion criteria regarding the type of  DOAC
(factor X or factor II  inhibitors), and our results are consistent with
those previously published. 



Our study has limitations. The evidence regarding this topic is scarce,
as  only  four  RCTs  could  be  included,  with  an  overall  quality
considered moderate. The absence of PROSPERO registration may be
considered a  limitation;  however,  the  eligibility  criteria  and search
strategy were defined a priori and followed throughout the study, in
accordance  with  PRISMA  recommendations.  Indeed,  only  MEDLINE
and SCOPUS were searched. Finally, our search was limited to English
language publications; thus, non-English language RCTs might have
been overlooked. 

CONCLUSIONS
The available  evidence suggests  that  apixaban is  the  drug with  a
higher  efficacy and a  lower  bleeding  risk  for  treatment  of  cancer-
associated  thrombosis.  However,  the  results  should  be  interpreted
with caution, and further research is needed. 
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