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Thrombotic Complications in Children with Cancer
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Summary: The last decade has seen advances in treatment of life-threatening disease in children - especially cancer where the overall cure
rate is now in the region of 80%. Similar to adults, children with cancer are at a substantial risk of developing thromboembolism (TE).
One of the costs of achieving this has been more children developing thrombotic disease, the majority of which are related to indwelling
vascular catheters and as a result TE is being diagnosed with increasing frequency in these younger patients. In the Canadian Paediatric
Thrombophilia Registry, 20% of the patients with TE had cancer. This figure is in contrast to only 2.3 cases of malignancy/1000 children
and an estimated incidence of thrombosis of 0.7/100,000 in the general paediatric population. However, the true prevalence of TE in
children with canceris unknown as rates can vary from 1% to as high as 44% [ 5] and this reflects the heterogeneity of such studies in terms
of; (i) type of cancer, (ii) was the TE, symptomatic or asymptomatic and (iii) were the studies prospective or retrospective. Happening
alongside these advances have been an explosion in our knowledge of the understanding at the molecular level of blood coagulation in
particular how the natural anticoagulant and fibrinolytic pathways work and how they differ in children and adults. Stemming from these
discoveries new anticoagulant therapeutics have become available to the paediatrian and over the next decade their true place in the
treatment of childhood thrombotic disease will be established.
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Trombotické komplikace u déti s onkologickym onemocnénim

Souhrn: V poslednim desetileti bylo dosazeno znaénych pokrokd v [é¢bé Zivot ohrozujicich chorob détskych pacientl - zvlasté onkolo-
gickych, u nichz se celkovd tspénost [é¢by pohybuje okolo 80 %. Podobné jako u dospélych existuje i u détskych pacientt trpicich onko-
logickym onemocnénim zvy3ené riziko tromboembolizmu (TE). Cenou za tspéchy v 1é¢bé je Castéjsi vyskyt trombotickych onemocnént,
pFi¢emz pFicinou jsou vétsinou dlouhodobé zavedené cévni katétry. Nasledné je u téchto mladych pacientd ¢astéji diagnostikovana TE.
20% pacient(i vedenych v Kanadském registru trombofilie u déti (Canadian Paediatric Thrombophilia Registry) trpi zarove onkolo-
gickym onemocnénim. Toto &islo je v rozporu s pouze 2,3 ptipad(i zhoubnych nadort/1 000 déti a odhadovanou incidenci trombdzy
0,7/100 000 v obecné pediatrické populaci. Skute¢na prevalence TE u déti s onkologickym onemocnénim neni zndma, nebot uddvané
podily se pohybuji mezi 1 a 44% [5], coz odrazi heterogenitu studii s ohledem na: (i) typ rakoviny, (ii) zda $lo o symptomaticky nebo
asymptomaticky TE a (iii) zda $lo o prospektivni nebo retrospektivni studii. Soubézné s pokroky v 1é¢bé doslo k explozi nasich znalosti
tykajicich se pochopeni krevni koagulace na molekuldrni trovni, obzvlast fungovani pfirozenych antikoagula¢nich a fibrinolytickych
pochodt a rozdilii v nich mezi détmi a dospélymi. Na zékladé téchto objevii byly vyvinuty nové antikoagulaéni preparaty, které jsou nyni
pediatriim k dispozici a které v pribéhu nadchazejici dekady ziskaji pevné misto v [é¢bé détskych trombotickych chorob.
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Historical Perspective

The rapid transformation of fluid
blood to a gel like substance (clot)
has been recognised since antiquity.
Around 2650 B.C. in China, Huang
Ti wrote “when it coagulates within
the pulse the blood ceases to circulate
beneficially; when the blood coagula-
tes within the feet it causes pains and
chills” [1]. At the beginning of the 18%
century (1731) Petit appreciated that
blood clotting was a means to stem
blood loss from wounds and indeed
John Hunter some 80 years later ruled,
“where there is full power of life, the
vessels are capable of keeping the blood
in the fluid state” [1]. By 1852 Roki-
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tanksy differentiated one type of ve-
nous thrombosis that arises as a con-
sequence of primary inflammatory or
chemical changes in the blood. This
idea was later developed and stated
in a more specific fashion by Virchow
(1856) in his classic triad describing
the causes of thrombosis; “abnormali-
ties of the blood vessels, alternations in
the constituents of the blood and aber-
rations of blood flow” [1]. Although
the association between cancer and
thrombosis is attributed to Armand
Trousseau in 1865, is it was likely that
Bouollaud was the first to describe this
association when he described 3 pa-
tients with deep vein thrombosis and

cancer. That being so, it is still worth
remembering the insightful quotation
of Armand Trousseau from a lecture
he delivered at the Hotel-Dieu, Paris in
1865:

“Gentlemen: Those following my clinical
work have surely noticed that there is a fre-
quency of special diseases which attract at-
tention due to the numerous circumstances
in which they are observed. | want to talk
about plegmasia alba dolens. You will re-
member that we have studied together the
white painful oedema not only in women
with recent parturition but more often in
patients of either sex affected by pulmo-
nary phthisis or internal cancerous tu-
mours. This is a rare example of generalised
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intravenous coagulation in the four limbs.
What are the conditions where blood acqui-
red this tendency of spontaneous coagula-
tion? You know, gentlemen, in cachetic states
in general, tuberculosis and cancer cache-
xia in particular, the blood is modified...”

In 1874 Osler helped describe pla-
telet aggregation and six years later
Hayem sited the importance of plate-
let plugs in preventing blood loss after
tissue injury [1]. Howell and Holt’s
landmark paper in 1918 described the
isolation of the first physiological an-
ticoagulant molecule, antithrombin
[1]. They suggested that antithrombin
and heparin are normal constituents
of blood and together act as a safe-
guard against inappropriate intravas-
cular clotting. By 1938 Silberberg sta-
ted that the endothelial layer of blood
vessels was probably acting as a nega-
tive regulator of procoagulation [1]. It
was not until 1965 that the first here-
ditary basis of thrombosis (“thrombo-
philia”) was established by Egberg re-
porting antithrombin Il deficiency as
an autosomal disorder associated with
recurrent familial venous thrombo-em-
bolic phenomenon [1].

So, in the second millennium we now
know that normal blood coagulation
or haemostasis is a complex sequence
of inter-related events (that differ in
children and adults) by which the body
prevents blood loss from the vascular
tree. This is achieved by a multi-path-
way interactive system with multiple
negative and positive feedback loops,
which ultimately ensure that blood is
at all times fluid within the vascula-
ture, but it also needs to be transfor-
med into a clot when there is a breach
in the integrity of the vascular tree. The
protein and cellular components have
also shown to be intimately involved in
the inflammatory response, vasculoge-
nesis, metastasis, cellular proliferation
and tissue repair.

Haemostatic differences

between children and adults
Plasma levels of many of the hae-
mostatic coagulation factors are lower
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in newborns than in older children and
adults. At the end of gestation, a heal-
thy normal newborn should have ap-
proximately half the adult values of the
vitamin-K dependant coagulant fac-
tors (factors Il, VII, IX and X) and con-
tact factors (factors XllI, and Xl, pre-
kalikreinin and high molecular weight
kininogen) [2]. In pre-term infants
these levels are even lower. The natu-
ral anticoagulants, antithrombin and
protein S are also approximately 50%
at term with a similar relationship to
gestational age. The plasma levels
of the procoagulant co-factors, fac-
torV and factor VIIl and fibrinogen are
the same in term infants as is in adults
[2]. Like the coagulation system the
fibrinolytic system is also physiologi-
cally immature in the neonate. Overall
the fetus and neonate are less efficient
in generating thrombin and as a result
thrombotic disease in early childhood
is rare and when seen is either secon-
dary to an acquired prothrombotic
state or indeed an inherited gene de-
fects predisposing to clot formation.

Thromboembolism

The last couple of decades have seen
advances in treatment of life-threa-
tening disease in children. One of the
costs of achieving this has been more
children developing thrombotic di-
sease, the majority of which are rela-
ted to indwelling vascular catheters
and as a result thromboembolism (TE)
is being diagnosed with increasing fre-
quency in these younger patients [3].
The peak incidence for TE is undoub-
tedly the neo-natal period where the
use of indwelling catheters in the ter-
tiary care paediatric setting is almost
the norm [3].

Cancer

Similar to adults, children with can-
cer are at a substantial risk of deve-
loping TE. In the Canadian Paediatric
Thrombophilia Registry, 20% of the
patients with TE had cancer [4]. This
figure is in contrast to only 2.3 cases
of malignancy/1000 children and an

estimated incidence of thrombosis of
0.7/100,000 in the general paediatric
population. However, the true preva-
lence of TE in children with cancer is
unknown as rates can vary from 1% to
as high as 44% [5] and this reflects the
heterogeneity of such studies in terms
of; (i) type of cancer, (ii) was the TE,
symptomatic or asymptomatic and
(iii) were the studies prospective or
retrospective.

Leukaemia

Leukaemia is the most common form
of childhood cancer representing ap-
proximately 30% of all cancers in chil-
dren [6]. Acute lymphoblastic leuka-
emia (ALL) is the dominant type,
accounting for approximately 80-85%
of childhood leukaemia with acute
myeloblastic leukaemia (AML) re-
presenting approximately 15-20%
and chronic myelomonocytic leukae-
mia (JMML) 2-3% [6]. To date, acute
lymphoblastic leukaemia is the one
paediatric cancer where there is some
reliable information in terms of epide-
miology, pathophysiology, and mana-
gement of TE.

Acute lymphoblastic leukaemia

In a randomised control trial, Mitchell
et al reported a prevalence of 5% sym-
ptomatic TE and a 31.7% asymptoma-
tic TE [7]. The risk factors for TE iden-
tified in this cohort of patients were;
(i) age, (ii) asparaginase, (iii) the type
of corticosteroid, (iv) the type of pro-
tocol used and (v) the presence of an
indwelling catheter.

Age

Parallel to the development of the hae-
mostatic system in children, develop-
ment of TE is most commonly obser-
ved in the neonatal and pubertal age
groups and one would expect this to
be exaggerated in the paediatric onco-
logy population. Supporting this view
is the recently published study in chil-
dren with ALL where hey found there
to be an age-related disturbances in
coagulation and fibrinolysis parame-
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ters during the induction phase of the
antileukemic treatment [8]. Sixty-four
children were classified by age into
three groups (1-5, 6-10, 11-16 years).
There were analysed during induc-
tion treatment, including four weeks
of dexamethasone, followed by two
weeks tapering of dexamethasone du-
ring which 6,000 IU/m? native L-Aspa-
raginase (total 4 doses) was admi-
nistered intravenously twice weekly.
Children were deemed to be in a hy-
percoagulable state after four weeks of
dexamethasone due to upregulation of
coagulation parameters. Upregulation
was highest in the two youngest age
groups. During L-Asparaginase treat-
ment the 11- to 16-year-olds showed
lower values in procoagulant and,
even more, in anticoagulant factor le-
vels compared to the younger children.
Activation markers of thrombin gene-
ration and fibrinolysis did not change
over time during the study period. De-
creased synthesis of a-2-antiplasmin
and plasminogen during L-Asparagi-
nase treatment resulted in less poten-
tial of clot lysis by plasmin in children
olderthan 11 years of age. They conclu-
ded, “a more severe decline of anti-
coagulant and fibrinolytic parameters
in children between 11 and 16 years of
age underline that these children are at
higher risk of thrombosis during ALL
induction treatment”.

L-Asparaginase

Acquired deficiencies of antithrombin
(AT) have been associated with a large
number of diseases, which in turn have
an increased rate of venous and arte-
rial thrombosis. In paediatric oncology,
acquired AT deficiency is classically
seen children following the administra-
tion of L-asparaginase (a potent pro-
tein synthesis inhibitor) and in those
with nephrotic syndrome secondary
to Wilms tumour [9]. It should also be
remembered that plasma turnover of
AT is increased by approximately one
quarter during heparin therapy and re-
verses on removal of the drug i.e. there
is a rebound state. Antithrombin con-
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centrates are available and should be
considered when there is a significant
deficiency as its administration ensu-
res smooth anticoagulation with hepa-
rin therapy.

Type of Protocol

Not only does dose density and inten-
sity of chemotherapeutic agents dif-
fer between the different international
children’s cancer group consortia pro-
tocols but also within successive pro-
tocols from the same study group. For
example two German studies showed
that, despite studies done at similar
times and on similar ethnic popula-
tions, there is a 10-fold difference on
the incidence of TE associated with
different chemotherapeutic protocols
[10,11].

Presence of an indwelling catheter
Central
(CVCDs) have revolutionised the me-
dical management of paediatric pa-

venous catheter devices

tients with a variety of different illnes-
ses, not just cancer and these include
neonates requiring indwelling vein or
artery catheterisation to older chil-
dren undergoing bone marrow trans-
plantation and high dose chemothe-
rapy, which is usually in the short term
[3]. Unfortunately, thrombosis rela-
ted to the placement of such cathe-
ters continues to be a therapeutically
challenging complication in terms of
diagnosis, prophylaxis against throm-
bosis and also treatment of established
thrombosis within the catheter. Regar-
ding suspected thrombosis within the
catheter or within the vessel, venogra-
phy continues to be the gold standard
investigation and linograms should be
discouraged from being performed
as these will give a high false negative
value. Once diagnosed the line should
be treated with heparin to prevent
subsequent venous embolic events,
and the very troublesome post-phle-
bitic syndrome [3]. The vast majority
TE events occurring in children occur
in the upper limbs as most of cathe-
ter placement in young children occurs
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there. Once the catheter is in place
prevention of clot formation can be
achieved using regular flushes of either
unfractionated heparin or low molecu-
lar weight heparin into the catheter de-
vice. Removal of the catheter may be
required depending on the severity of
symptoms and also what the future cli-
nical needs for the child are. Once clot
formation occurs the catheter may be
salvaged using either/or antithrombo-
tic or antifibrinolytic agents however,
it should always be remembered that
these therapeutics pose special risks in
the paediatric age group compared to
the adult age group, in relation to hae-
morrhage [3].

Other Cancers

Some childhood cancers have a modest
increase in the risk of TE development -
for example brain tumours would ap-
pear to carry very little risk (prevalence
ranges0.6%-3.2%)[12,13]. Otherssuch
as sarcomas confers as much a risk as
ALL as demonstrated by Athale et al in
a recent study showing a prevalence of
TE of 14.3% [14].

Primary thromboprophylaxis

Ruud et al failed to show that pro-
phylactic anticoagulation against
CVAD-related thrombosis with war-
farin could decrease its incidence, the
study being terminated early [15]. The
PARKAA trial studied use of AT con-
centrate in children with ALL treated
with L-asparaginase, however there
was only a trend towards reduced TE
in the L-asparaginase cohort [16].
Low molecular weight heparin in small
case series has been shown to statisti-
cally significantly reduce the incidence
of thrombosis in children undergoing
chemotherapy for ALL [17] and Ewing
Sarcoma [18]. Once catheter occlu-
sions occur these can be treated suc-
cessfully with the instillation of intra-
luminal urokinase. It should also be
remembered that whilst, although very
uncommon, death from TE disease in
children does occur. Therefore early
detection of such thrombotic events
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and adequate treatment are absolutely
mandatory in this group of children.

Future directions

The pathogenesis of TE in children
with cancer is complex and reflects the
interaction of different mechanisms
involving the activation of various hae-
mostatic components, such as the
pro-/anti-coagulation and fibrinoly-
tic pathways, the endothelium, white
cell and platelets as well as the tumour
cell itself and the therapeutic modality
used. It is only by a better understand-
ing of these interactions that will help
to identify better-targeted strategies to
prevent TE in children with tumours.
An excellent example of this is the cur-
rent therapeutic approach to children
with Kassabach-Merritt syndrome with
consumptive coagulopathy secondary
to Kaposiform Haemangioendothe-
lioma where platelet transfusions are
omitted and double-block anti-plate-
let agents are administered to prevent
platelet degranulation with its asso-
ciated release of pro-angiogeneic sub-
stances. In the meantime we also ur-
gently need interventional randomised
clinical trials with anticoagulants in
children with cancer at risk of TE.

Conclusion

The last decade has seen advances in
treatment of life threatening disease
in children - especially cancer where
the overall cure rate is in the region
of 80%. One of the costs of achieving
this has been more children develop-
ing thrombotic disease, the majority
of which are related to indwelling va-
scular catheters. Happening alongside
these advances have been an explosion
in our knowledge of the understanding
at the molecular level of blood coagu-
lation in particular how the natural an-
ticoagulant and fibrinolytic pathways
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work and how they differ in children
and adults. Stemming from these dis-
coveries new anticoagulant thera-
peutics have become available to the
paediatrian and over the next decade
their true place in the treatment of
childhood thrombotic disease will be
established.

References

1. Charles A. Owen Jr A. History of Blood
Coagulation. In: Nicols WJ, Walter Bowie EJ
(eds). Mayo Foundation for Medical Edu-
cation and Research. Minnesota: Roches-
ter 2001.

2. Andrew M. Developmental hemosta-
sis: relevance to thromboembolic compli-
cations in pediatric patients. Thromb Hae-
most 1995; 74: 415-425.

3. Smith OP. Thrombotic Disorders. In:
SmithO, Hann | (eds). Essential Paediatric
Haematology. Martin Dunitz Publishers
2002: 131-140.

4. Monagle P, Adams M, Mahoney M et al.
Outcome of pediatric thromboembolic di-
sease: a report from the Canadian Child-
hood Thrombophilia Registry. Pediatr Res
2000; 47: 763-766.

5. Wiernikowski JT, Athale UH. Throm-
boembolic complications in children with
cancer. Thromb Res 2006; 118: 137-152.
6. Smith OP, Hann I. Clinical features and
therapy of lymphoblastic leukaemia. In: Ar-
cesi R, Hann IM, Smith OP (eds). Paediatric
Haematology. Blackwell Publishing 2006.
7. Mitchell LG, Andrew M, Hanna K et al.
Prophylactic Antithrombin Replacement in
Kids with Acute Lymphoblastic Leukemia
Treated with Asparaginase Group (PAR-
KKAA). A prospective cohort study determi-
ning the prevalence of thrombotic events
inchildren with acute lymphoblastic leuke-
mia and a central venous line who are-
treated with L-asparaginase: results of the
Prophylactic Antithrombin Replacemen-
tin Kids with Acute Lymphoblastic Leuke-
mia Treated with Asparaginase (PARKAA)
Study. Cancer 2003; 97: 508-516.

8. Appel IM, Hop WC, van Kessel-Ba-
kvis C et al. L-Asparaginase and the effect
of age on coagulation and fibrinolysis in
childhood acute lymphoblastic leukemia.
Thromb Haemost 2008; 100: 330-337.

9. Nowak-Gottl U, Heinecke A, von Kries R
et al. Thrombotic events revisited in chil-

dren with acute lymphoblastic leukemia:
impact of concomitant Escherichia coli
asparaginase/prednisone administration.
Thromb Res 2007; 103: 165-172.

10. Mauz-Kérholz C, Junker R, Gobel U
et al. Prothrombotic risk factors in chil-
dren with acute lymphoblastic leukemia
treated with delayed E. coli asparaginase
(COALL-92 and 97 protocols). Thromb
Haemost 2000; 83: 840-843.

11. Nowak-Gottl U, Ahlke E, Fleischhack G
et al. Thromboembolic events in children
with acute lymphoblastic leukemia (BFM
protocols): prednisone versus dexame-
thasone administration. Blood 2003; 101:
2529-2533.

12. Tabori U, Beni-Adani L, Dvir R et al.
Risk of venous thromboembolism in pe-
diatric patients with brain tumors. Pediatr
Blood Cancer 2004; 43: 633-636.

13. Deitcher SR, Gajjar A, Kun L et al. Cli-
nically evident venous thromboembolic
events in children with brain tumors. ] Pe-
diatr 2004; 145: 848-850.

14. Athale U, CoxS, Siciliano S et al. Throm-
boembolism in children with sarcoma. Pe-
diatr Blood Cancer 2007; 49: 171-176.

15. Ruud E, Holmstrem H, De Lange C et al.
Low-dose warfarin for the prevention of cen-
tral line-associated thromboses in children
with malignancies - a randomized, controlled
study. Acta Paediatr 2006; 95: 1053-1059.
16. Mitchell L, Andrew M, Hanna K et
al. Trend to efficacy and safety using an-
tithrombin concentrate in prevention of
thrombosis in children receivingl-asparagi-
nase for acute lymphoblastic leukemia. Re-
sults of the PAARKA study. Thromb Hae-
most 2003; 90: 235-244.

17. Elhasid R, Lanir N, Sharon R et al. Pro-
phylactic therapy with enoxaparin du-
ring L-asparaginase treatment in children
with acute lymphoblastic leukemia. Blood
Coagul Fibrinolysis 2001; 12: 367-370.

18. Nowak-Gottl U, Minchow N, Klippel
U et al. The course of fibrinolytic proteins in
children with malignant bone tumours. Eur
J Pediatr 1999;158 (Suppl 3): S151-S153.

Owen Patrick Smith, MA, MB, BA Mod.
(Biochem), FRCPCH, FRCPI, FRCPEdin,
FRCPLon, FRCPGlasg, FRCPPath
www.olchc.ie

e-mail: owen.smith@olchc.ie

Doslo do redakce: 2. 2. 2009

Vnit¥ Lék 2009; 55(3): 223-226




