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The increased thrombotic risk for children and adults with
cancer is well established, with many important studies
undertaken in this field, particularly in the last 5 to 10 years.
Studies published on this topic in Thrombosis and Haemo-
stasis, over the past 2 years, have focused on identifying
biomarkers associated with the risk of thromboembolism
andmortality in patients with cancer1, as well as the effect of
chemotherapy on thrombogenic properties of extracellular
vesicles in the setting of breast cancer.2 Very recently,
Carmona-Bayonas et al conducted a robust study in over
2,000 patients with advanced gastric cancer and described
the use ofmultistatemodels for prediction of thrombotic risk
in patients with cancer-associated thrombosis.3 This topic is
of significant interest to clinicians worldwide.

When it comes to thromboprophylaxis in the setting of
cancer, there is much debate around the timing and the
choice of anticoagulants to be used. Balancing the risk of
bleedingwith the effectiveness of thromboprophylaxis strat-
egies is not an easy task. This is particularly the case when
choosing well-established strategies versus the non-vitamin
K antagonist (VKA) oral anticoagulants (NOACs). Specific
challenges associated with thromboprophylaxis in cancer
patients were elegantly outlined and summarised in a 2018
review paper by Potpara and Poposka.4

While numerous studies in adults have presented over-
whelming evidence for the benefits of thromboprophylaxis in
the setting of cancer, the level of evidence and the consistency
of findings is lacking for children. In fact, when it comes to
children with cancer, thromboprophylaxis is not considered
standard of care (SOC). Thekey consideration here is that adult
evidence is not sufficient or appropriate when it comes to
children, primarilydue to developmental haemostasis but also
due to the fact that the epidemiology of cancer is different in
children compared with adults. Age-specific changes in the
concentration,5 function6 and structure7 of haemostatic pro-
teins as well as platelet phenotype8 and function9 are widely

known. Such differences in the haemostatic system between
children and adults dictate that when treating children, in any
setting, paediatric-specific evidence is required and that treat-
ing children like little adults is simply not appropriate. In fact,
precision medicine as a practice is not possible without
treating children as children and not as little adults.

When it comes to thromboprophylaxis strategies in chil-
dren, let alone in children with cancer, important factors
need to be considered and are outlined in ►Table 1. For
example, in addition to its anticoagulant properties, low
molecular weight heparin (LMWH) is well known for its
anti-angiogenic effects.10 In addition, the proportion of
latent anti-thrombin (LAT), an anti-angiogenic form of
anti-thrombin (AT), has been shown to be higher in adults
comparedwith children.11 This begs the question of whether
administering anti-angiogenic drugs to children, especially
vulnerable children is appropriate. Is this what we want for
our most vulnerable population?

In this issue of Thrombosis and Haemostasis, Pelland-Mar-
cotte et al report a systematic review and meta-analysis that
evaluates the effectiveness and safety of primary thrombopro-
phylaxis in childrenwith cancer.12 This networkmeta-analysis
(allowsmultiplepairwisecomparisons that combinedirect and
indirect evidence13) was designed to simultaneously compare
AT replacement, LMWH, VKAs and SOC, which was defined as
no thromboprophylaxis or low-dose heparin used exclusively
for catheter patency. A total of six studies matched inclusion
criteria (e.g., randomised controlled trials, prospective cohort
studies and experimental studies without randomisation) and
the majority of those were performed in the setting of acute
lymphoblastic leukaemia(ALL). Themainfindingof thisstudy is
that low-dose LMWH is the only option identified as effective
and safe to prevent thromboembolism in children with cancer
and could in fact prevent 75% of thromboembolic events in this
setting.The incidenceof thromboemboliceventswas8%,which
is consistent with findings to date14 and major bleeding
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occurred in 0.7% of the patients. Surprisingly, there were no
studies thatevaluatedtheeffectivenessor safetyofanti-platelet
agents and unfractionated heparin. While three of the six
studies were randomised open-label studies, no study blinded
the subjects to their interventiongroup.Considering thedebate
surrounding AT replacement in children, the finding of
decreased event-free survival in children who received AT is
crucial evidence for the need for a serious consideration to be
placed on any further use of AT in children with cancer.
Importantly, the Pelland-Marcotte paper outlines the impor-
tance of LAT in this setting and that “repetitive use of AT
concentrates as thromboprophylaxis modality could conceiv-
ably cause a disequilibriumof the angiogenic factors inpatients
with ALL.” The high risk-to-benefit ratio of AT concentrates in
the settingofchildrenwith cancermustbe takenseriously. This
study clearly outlines the possible limitations that need to be
considered, nonetheless the findings are clinically meaningful
and in the context of available evidence, and in taking the road
less travelled, this study leads the way when considering
whether and/if which thromboprophylaxis approaches could
be useful in children with cancer.

Where to next? Based on the systematically derived evi-
dence provided by Pelland-Marcotte et al,12 the fact that more
studies focusing on thromboprophylaxis in children with
cancer are urgently required is obvious. Apart from widening
the cancer settings to cover cancers other than ALL that affect
children, prospective studies should focus on thrombopro-
phylaxis strategies for which there is some evidence and
knowledge in children, such as LMWH and VKA. This knowl-
edge can lead to possible consideration of novel therapeutic

strategies, for example, NOACs such as apixaban, which has
been shown tobeuseful in adultswith cancer.15 It is up to us as
medical researchers and clinicians, funding bodies and the
pharmaceutical industry to unite in recognising children as
children and not as little adults, and to afford the utmost care
and focus to themost vulnerable individuals ofour population.
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Table 1 Thromboprophylaxis approaches and paediatric-specific considerations

Thromboprophylaxis Advantage Disadvantage Paediatric-specific considerations

UFH Reversible
Low cost

Intravenous administration
Narrow therapeutic
window¼ frequent monitoring
Non-specific binding
to numerous plasma proteins

Epidemiology of cancer different to adults
Epidemiology of thrombosis different to adults
Concentration, activity and structure of haemostatic
proteins different to adults
Phenotype and function of platelets different
to adults
PK of UFH (and likely other drugs) different to adults
Self-administration is difficult or impossible

LMWH Higher bioavailability,
predictable PK
profile and longer half-life
compared with UFH
Reduced monitoring
requirements
Anti-tumour effect?
Low cost

Subcutaneous administration
Cannot be reversed

AT replacement Replacement of
physiological protein

Intravenous administration
Expensive
Unproven benefit
Many studies suggest harm

Vitamin K
antagonists

Oral administration
Low cost
Reversible

Narrow therapeutic
window¼ frequent monitoring
Impacted by concomitant
illness, other medications,
diet, vomiting, diarrhoea

Apixaban Oral administration
Predictable PK and PD
Wide therapeutic window
No need for
laboratory monitoring

Cannot be reversed
High cost

Abbreviations: AT, anti-thrombin; LMWH, low molecular weight heparin; PD, pharmacodynamics; UFH, unfractionated heparin.
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