
© 2016 McKillop et al. This work is published by Dove Medical Press Limited, and licensed under a Creative Commons Attribution License.  
The full terms of the License are available at http://creativecommons.org/licenses/by/4.0/. The license permits unrestricted use, distribution, 

and reproduction in any medium, provided the original author and source are credited.

© 2016 McKillop et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Clinical Oncology in Adolescents and Young Adults 2016:6 39–49

Clinical Oncology in Adolescents and Young Adults Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
39

R E V I E W

open access to scientific and medical research

Open Access Full Text Article

http://dx.doi.org/10.2147/COAYA.S51146

Optimal management of venous 
thromboembolism in adolescent and young adult 
oncology patients

Sarah McKillop1

Cynthia Wu2

Aisha Bruce1

Joseph Brandwein2

1Division of Immunology, Hematology, 
Oncology, Palliative Care and 
Environmental Medicine, Department 
of Pediatrics, 2Division of Hematology, 
Department of Medicine, University 
of Alberta, Edmonton, AB, Canada

Abstract: Venous thromboembolism (VTE) is a serious complication experienced by adoles-

cents and young adults (AYAs) diagnosed with cancer. Data exist in the adult literature to guide 

the management of cancer-associated thrombosis. Unfortunately, little is known regarding the 

epidemiology of cancer-associated thrombosis in AYAs. As a result, evidence on the treatment 

and prevention of thrombosis in this vulnerable population is lacking, posing a great challenge 

to physicians caring for AYAs with cancer. It is clear that the basic principles of VTE likely 

apply to AYAs and that low-molecular-weight heparin is the drug of choice for the treatment of 

VTE regardless of age. We review the available data on the epidemiology, diagnostic methods, 

and management of AYAs with cancer and VTE. Recognizing the lack of accepted guidelines 

for the prevention or management of VTE in this population, we offer expert opinion recom-

mendations to serve as guidance to improve management of thrombosis in AYA cancer patients.

Keywords: adolescents, young adults, thrombosis, cancer, venous thromboembolism, 

anticoagulation

Introduction
For almost 200 years, an association between thrombosis and cancer has been rec-

ognized.1,2 Of thrombotic complications encountered by patients with cancer, venous 

thromboembolism (VTE) is the most common.3 Most of our knowledge on cancer-

associated thrombosis is derived from adult data as VTE is the second leading cause 

of death in this population4 and is associated with significant morbidity. VTE risk, 

associated comorbidities, and presenting cancer types vary significantly by age, and 

management plans applicable to the adult population may not be relevant to younger 

patients.

The adolescent young adult (AYA) oncology population is defined as individuals 

diagnosed with cancer between the ages of 15 and 39 years.5 Unfortunately, current 

international literature and treating institutions have various definitions of the age range 

for an AYA oncology patient, making it difficult to clearly define epidemiological and 

treatment data. Additionally, AYAs with cancer are not treated universally in the same 

environment. The approach to the treatment of the malignancy and thrombosis is often 

driven by institutional protocols and usually follows either pediatric or adult protocols 

depending on the center’s age cutoff for “adulthood”. For AYAs receiving treatment in 

an adult program, it is more likely they will be managed according to adult guidelines 

despite the risk and benefits of anticoagulation to AYAs not being clearly understood.
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The epidemiology and etiology of VTE among AYAs 

with cancer, as well as the best management practices for both 

prophylaxis and treatment of a deep vein thrombosis (DVT), 

have not been well elucidated. This review summarizes the 

existing body of knowledge regarding VTE in AYA oncology 

patients and attempts to place this into rational principles that 

may help to guide management.

Epidemiology
The annual incidence of VTE increases with age, ranging 

from less than 0.5/1,000 in those under 15 years of age 

to approximately 1/1,000 in the general adult population, 

increasing to 1/100 in the geriatric population.6–10 A dis-

turbing trend of significantly increasing rates of VTE in 

the pediatric and adolescent population has been recently 

documented. Among pediatric patients, adolescents were 

reported to have the highest incidence of VTE at 94 cases 

per 10,000 hospital admissions, and those with a malignancy 

had the highest rate of first time and subsequent VTE.11–15 A 

similar trend has been reported in the adult literature, with a 

notable increase in the rates of VTE in adults with cancer over 

the last several decades.16 Approximately 20% of reported 

cases of VTE among adults occur in patients with cancer.17,18

For AYAs with cancer, only one retrospective review 

exists for all types of cancer-associated VTE. O’Brien et al19 

determined that for 15–24-year olds treated for cancer at 

children’s hospitals throughout the US between 2001 and 

2008, VTE occurred in 5.3% of the 9,721 patients reviewed. 

The odds ratio of VTE increased with age. Those aged 18–20 

years had an odds ratio of 1.65 (95% confidence interval, 

1.36–2), and those aged 21–24 had an odds ratio of 1.67 

(95% confidence interval, 1.21–2.32), when compared to 

those aged 15–17 years. AYAs with leukemia, lymphoma, 

and bone and soft tissue tumors had the highest odds ratios 

of VTE (5.53, 4.83, and 4.32, respectively) when those with 

brain tumors were used as a reference group.

Smaller site-specific or disease-specific studies provide 

further insights into the epidemiology across the AYA age 

and cancer diagnosis spectrums. Panessha et al20 reported that 

the rate of cancer-related VTE managed in outpatient DVT 

clinics in the UK for AYAs between 18 and 31 was 2.6%. 

Kayser-Gatchalian and Kayser21 reported a higher incidence 

of VTE for patients aged 20–39 years with intracranial 

tumors compared to those aged 10–19 years. Audino et al22 

demonstrated a statistically significant increased incidence 

of thrombosis in the AYA population, defined as 15–28 

years old, when compared to their younger peers. Similarly, 

for patients with acute lymphoblastic leukemia (ALL), the 

Dana Farber Consortium reported VTE rates of 18%–20% for 

patients aged 11–20 years using their asparaginase-intensive 

protocols, increasing to 25% for those aged 21–30 years and 

42% for patients over 30 years of age.23 This contrasted with 

rates of 2%–7% for ALL patients aged 10 years and below.

For AYAs with sarcoma, limited data regarding the risk of 

thrombosis are available. Paz-Priel et al24 found an overall VTE 

rate of 16%; the incidence was higher at 23% for those pre-

senting with metastatic disease, as compared to 10% for those 

with localized disease. This finding of increased thrombosis 

in the presence of metastatic disease has also been identified 

in adult epidemiology studies for a variety of tumor types.3,25

Pathophysiology and risk factors
The pathophysiology behind the development of VTE in 

patients with cancer is complex. In adult patients with cancer, 

changes in the hemostatic system have been demonstrated,26 

with evidence of chronic hemostatic activation frequently 

observed even in the absence of overt VTE.27 Considered 

classically, the development of thrombosis among AYAs 

with cancer can be explained through abnormalities in Vir-

chow’s triad including venous stasis, vascular injury, and 

hypercoagulability.28 Venous stasis can occur during periods 

of immobility such as prolonged hospitalization associated 

with cancer treatment and/or complications. Occasionally, 

the location of a tumor may also disrupt normal lymphatic 

or blood flow. Vascular injury can occur after surgical inter-

vention for tumors, tumor invasion of vascular structures, 

and via local irritation from central venous catheters used 

to deliver chemotherapy, blood products, and transfusions. 

The use of indwelling central venous catheters is associated 

with a 5%–12% incidence of catheter-related upper extrem-

ity thrombosis.29

The cancer tumor burden may contribute to a hypercoagu-

lable state through acute phase reactions, but tissue necrosis, 

changes in hemodynamic states and abnormal metabolism 

of proteins, and the prothrombotic properties of tumor cells 

themselves, most likely contribute to the development of 

hypercoagulability in patients with cancer. Superimposed 

on these inherent tumor-related factors are treatment-related 

factors. These include chemotherapy agents that are well rec-

ognized to be associated with an excess rate of thrombosis. 

Asparaginase, a key drug in the treatment of ALL in AYAs, 

decreases hepatic production of anticoagulants including 

antithrombin,30 leading to a hypercoagulable state and an 

increased risk of VTE in both pediatric and adult patients.31–33

Using these recognized mechanisms of thrombosis, risk 

factor-based tools have been developed in the adult cancer 
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population; these include the National Comprehensive 

Cancer network5 and the Khorana predictive model for 

chemotherapy-associated VTE risk assessment.34 In the 

pediatric cancer population, the Prentiss Pediatric VTE Risk 

assessment tool has been validated for use in inpatient units 

and some have extrapolated its use to AYAs with cancer.35,36 

On the basis of this tool, AYA oncology patients up to the 

age of 31 years at high risk for VTE include those with a 

central venous catheter, a past VTE, having undergone an 

orthopedic procedure, having a septic episode, and being 

obese. However age, type of cancer, and the use of specific 

therapeutic agents such as asparaginase and corticosteroids 

were not included in the risk score.

Diagnostic evaluation of thrombosis
There are no VTE diagnostic algorithms specific to AYA 

populations or cancer populations. For the pediatric popula-

tion, there is limited research on the appropriate modality for 

assessment of VTE. Recognizing that the overall prevalence 

of asymptomatic VTE in children with cancer is reported 

to be as high as 40%,37 modalities used to diagnosis VTE 

in pediatrics include ultrasound, venography, computed 

tomography, and magnetic resonance imagining.38 The role 

of D-dimer as a predictive tool in the diagnosis of VTE has 

not been validated in pediatric patients.39 On the basis of the 

higher incidence of upper extremity VTE in the pediatric 

oncology population, generally associated with the use of a 

central venous catheter, an evidence-based recommendation 

for the detection of upper venous system thrombosis is avail-

able.38 The PARKAA study concluded that both a venogram 

and ultrasound in combination were needed since venography 

was more sensitive than ultrasound in detecting intrathoracic 

(central) VTE, but ultrasound was more sensitive for internal 

jugular and axillary VTE.40 There are limited data supporting 

the use of three-dimensional gadolinium-enhanced magnetic 

resonance imaging for detecting pediatric upper venous 

thrombosis; however, there have been no comparative studies 

with currently recommended ultrasound and venography to 

establish improved efficacy.41 The current recommendations 

for diagnosing VTE in the lower venous system by ultrasound 

and the diagnosis of pulmonary embolism (PE) in pediatrics 

using isotope lung scanning and computed tomography 

pulmonary angiography lack evidence in pediatrics but are 

extrapolated from adult literature.

Extensive research has gone into the development and 

validation of tools that can be used to accurately diagnose 

lower extremity DVT and PE in adults. Many predictive tools 

exist, but the most widely recognized is the Wells score, used 

for both DVT41 and PE.42 Incorporation of these tools into a 

diagnostic algorithm suggests that either D-dimer testing or 

diagnostic imaging further improves sensitivity and specific-

ity.43 For DVT, the accepted modality is now the compres-

sion ultrasound (validated against venogram, the prior gold 

standard)44 and for PE, either spiral computed tomography 

of the chest45 or ventilation/perfusion lung scan46 (validated 

against the pulmonary angiogram, the prior gold standard). 

This diagnostic algorithm has not been specifically validated 

in the cancer population.

While adult or pediatric models may not apply to AYA 

patients, general principles of requiring clinical suspicion for 

VTE, algorithms to reduce unnecessary testing and maximize 

necessary testing, and diagnostic imaging studies of high 

quality still apply to all patients of any age. Patients aged 

≥18 years would have been included in the aforementioned 

diagnostic trials in adults, and thus it would stand to reason 

that these algorithms can be applied to older AYA popula-

tions. Physiologic and anatomic properties of younger AYAs 

may be varied enough to warrant further validation of these 

tools in these patients.

Management of VTE
There are currently no recommendations for the prevention 

or management of VTE in the AYA oncology population. 

On the basis of the institution where the AYA is receiving 

treatment, either pediatric or adult guidelines are gener-

ally used regardless of patient age. Risk assessment tools 

designed to guide prophylaxis and treatment of VTE have 

been developed for both the adult and pediatric population; 

however, validated tools for AYAs with a diagnosis of cancer 

are lacking. On the basis of available data from studies in 

these populations, a recommended management algorithm is 

outlined in Figure 1, and a detailed discussion and rationale 

are provided.

Basic principles of VTE prevention and 
management
Certain principles likely can apply to patients of any age 

regardless of medical diagnosis. With regard to AYA oncol-

ogy, until studies specifically addressing this population are 

available, recommendations and principles for practice need 

to be extrapolated from either the pediatric or adult throm-

bosis literature. A review of some of these principles with 

reference to adult literature where there is a significantly 

greater wealth of data in general VTE treatment as well as 

cancer-associated thrombosis treatment follows, but two 

important principles need to be recognized: 
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First, while there is a greater proportion of incidentally 

noted VTE in cancer populations, most VTE are symptom-

atically diagnosed.47 Symptoms of VTE impact patient mor-

bidity and quality of life. Incidental proximal VTE in adult 

cancer patients carries the same prognosis as symptomati-

cally diagnosed VTE.47 More studies in AYA and pediatric 

populations would be required to confirm this finding in 

younger patients. Treating acute symptomatic VTE with 

anticoagulation can reduce the risk of clot progression and 

embolization. In the adult population, anticoagulation with 

at least 3 months is associated with a recurrent VTE risk 

reduction of >90%.48 Second, VTE is associated with mortal-

ity. Up to 10% of adult PE patients die within the first hour 

of presentation.45 VTE is also the second leading cause of 

death in adult cancer patients.4 Similar data are not available 

for pediatrics or AYAs with cancer. Based on these first two 

principles, it would stand to reason that an acute DVT or 

PE deserves anticoagulant therapy in all patients even if the 

exact risk numbers may vary somewhat between age groups. 

Consideration of active hemorrhage and other high-risk situ-

ations may alter treatment decisions.

What is the role of thromboprophylaxis?
The routine use of thromboprophylaxis for hospitalized 

adults has not been validated for the AYA population. There 

is currently no role for routine thromboprophylaxis in the 

pediatric oncology population,49,50 and the role of routine 

thromboprophylaxis for ambulatory patients on chemother-

apy is still debated for adult patients with cancer. Validated 

risk assessment tools for thrombosis in AYAs diagnosed with 

cancer, as well as prospective collaborative studies directed 

at developing prediction models to identify AYAs at risk for 

VTE, are needed to better understand the role of routine 

thromboprophylaxis in this population.

Having said this, appropriate thromboprophylaxis with 

low-molecular-weight heparin (LMWH) should be consid-

ered in higher-risk situations (eg, perioperative, decreased 

mobility associated with hospitalization) in the absence of 

contraindications, in accordance with recently published adult 

guidelines for cancer patients.51

What is the anticoagulant of choice for 
treatment of VTE?
With regard to the treatment of diagnosed VTE in the AYA 

patient with cancer, there is consensus from both expert 

opinion in the pediatric literature and evidence-based stud-

ies in the adult literature that LMWH is the preferred anti-

coagulant.39,52–54 Unfortunately, randomized control trials 

in pediatric anticoagulation are few, leaving much of the 

pediatric thrombosis literature as expert opinion-based and 

with extrapolation from the adult literature. Monagle et al52 

suggest that, in the pediatric oncology patient, oncology 

therapies are generally intensive and associated with signifi-

cant periods of thrombocytopenia that increase bleeding risks. 

Since AYA oncology therapies are frequently modeled from 

the more intense pediatric protocols due to increased patient 

treatment tolerances with the goal of improved survival,55,56 

consideration into balancing the bleeding risk in this popula-

tion must be made.

In the adult cancer populations, LMWH, a parenteral 

anticoagulant with no direct drug–drug or food–drug inter-

actions, has been shown in the CLOT trial to be superior 

to warfarin in patients with VTE and active cancer, with a 

50% VTE recurrence risk reduction using dalteparin versus 

warfarin.57 Various other trials have confirmed this finding, 

including a subgroup analysis of the LITE trial58 and the more 

recent CATCH trial.57 The CATCH trial demonstrated an 

~30% VTE recurrence risk reduction with tinzaparin versus 

warfarin but did not meet statistical significance (P=0.07). 

It should be noted that patients enrolled on the CATCH trial 

were less likely to be on chemotherapy or have metastatic 

disease and had a better baseline Eastern Cooperative Oncol-

ogy Group status and lower mortality compared with patients 

in CLOT trial. This is reflected in the lower rate of recurrent 

VTE in the warfarin arm of CATCH (10.5%) compared to 

CLOT (15.8%), despite a similar rate of recurrent VTE in 

their LMWH arms (7%–8%). A 30% risk reduction in over 

900 patients is still supportive of LMWH in cancer-associated 

thrombosis, though results of the CATCH trial raise the ques-

tion of whether this difference disappears in cancer patients 

who are not on active chemotherapy and who are experienc-

ing less morbidity.

In pediatrics, the REVIVE study, a randomized control 

trial of 78 children, included 30% pediatric patients with can-

cer. The use of LMWH compared to unfractionated heparin 

transitioned to warfarin trended toward less recurrence of 

clot and fewer bleeding complications in the LMWH arm.58 

Large treatment trials in pediatrics and AYA patients with 

VTE and cancer are not available. Nonetheless, gastrointes-

tinal issues and drug–drug interactions, as well as treatment 

interruptions for invasive procedures, present challenges to 

the use of oral anticoagulation, and it is not unreasonable to 

consider an LMWH-based regimen in patients who may be 

subject to these complications.

New oral anticoagulants, including rivaroxaban, apixa-

ban, and dabigatran, are now widely used as VTE therapy in 
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noncancer adult patients. Prospective randomized trials com-

paring these agents with LMWH in adult cancer patient are in 

progress, but data to this point are restricted to retrospective 

observational studies, which suggest that rivaroxaban may 

be of comparable safety and efficacy to LMWH, at least in 

adults.59,60 However, it should be noted that the rate of recur-

rent VTE in these studies was quite low, suggesting that the 

patients treated with rivaroxaban in these studies may not 

be reflective of the average cancer patient on chemotherapy. 

This is also highlighted in a meta-analysis of the subgroups 

of patients included in the large randomized trials on the new 

direct oral anticoagulants (DOACs) who were classified as 

having cancer (definitions of cancer varied between trials). 

This analysis showed that while DOACs appeared similar in 

efficacy and safety when compared to warfarin, there were 

substantially fewer recurrent thrombotic events in the warfa-

rin arms of the DOAC trials compared to the warfarin arms 

of the LMWH trials. This underscores that these data cannot 

be applied to “real world” cancer patients yet.61

DOACs are subject to many potential problems in the 

cancer patient. These include altered gastrointestinal func-

tion from either the cancer itself, the resulting cachexia, 

nausea/vomiting, or gut lining damage from chemotherapy. 

This may result in poor and unpredictable absorption of 

oral medications. There are also a host of drug interactions 

from chemotherapy and supportive care such as antibiot-

ics, antiemetics, and analgesia. Therefore, until prospective 

randomized trials are available, DOACs cannot currently be 

recommended routinely for cancer patients and, in particular, 

should be used with extreme caution in patients receiving 

antineoplastic and supportive care agents, which may inter-

act with them. This is more important in the younger AYA 

population as data on DOACs even in the noncancer pediatric 

population are lacking.

How should patients with renal failure be 
managed?
Patients with renal failure pose a challenge. Baseline risk 

of bleeding is higher in patients with renal impairment 

irrespective of anticoagulant use.62–64 While LMWH is often 

the treatment of choice in cancer-associated thrombosis, all 

LMWHs rely to some extent on renal clearance. The use of 

LMWH in those with significant renal impairment may be 

associated with drug accumulation and an increased risk of 

bleeding. LMWHs that are larger and more heavily charged 

(tinzaparin, dalteparin) compared to those that are smaller 

(enoxaparin) are predicted to be less dependent on renal clear-

ance.65 There are no large trials specifically addressing this 

issue in any population of patients, but there are some studies 

that have attempted to measure potential accumulation using 

anti-Xa level monitoring. It appears that prophylactic doses of 

dalteparin and tinzaparin do not accumulate even in patients 

with severe renal failure.65,66 Subgroup analysis of the IRIS 

study showed that therapeutic tinzaparin used to treat DVT in 

their elderly population did not accumulate despite moderate 

renal failure.67 A post hoc analysis of the CLOT trial revealed 

that 24% of patients had renal impairment at baseline, with 

2.2% having severe renal impairment (creatinine clearance 

<30 mL/min). Superiority of dalteparin was maintained in 

the renal-impaired subgroup, with no statistically significant 

increase in major bleeding (9.5% with dalteparin versus 6.9% 

with warfarin, P=0.65).68

However, drug accumulation and increased rates of 

bleeding with enoxaparin do appear to be higher in patients 

with renal failure, and this LMWH should be avoided in the 

setting of severe renal failure.69 Given the paucity of data 

on LMWH in cancer patients with renal failure, caution and 

appropriate counseling and clinical follow-up should be 

employed when using LMWH in those with moderate renal 

impairment (creatinine clearance 30–60 mL/min). Unless 

under the guidance of an expert nephrologist/thrombosis 

specialist, LMWH should be avoided in patients with a cre-

atinine clearance of <30 mL/min, and unfractionated heparin 

bridged to warfarin therapy may be used as a substitute. If 

LMWH is used in this setting, checking anti-Xa trough levels 

(target <0.4 units/mL) to monitor for accumulation has been 

suggested for adult patients.70

How should VTE be treated in patients at 
high risk of bleeding?
Anticoagulation use must be balanced against the risk of 

bleeding. There is a remarkable paucity of data surround-

ing bleeding and predictors of bleeding in VTE patients 

on anticoagulation particularly in the cancer populations. 

In noncancer adult trials on VTE treatment, major bleed-

ing is estimated to be around 1%–2% per year, though this 

increases in population-based studies and “real world” data 

depend on factors such as age, comorbidities, and concurrent 

medications such as nonsteroidal anti-inflammatories and 

antiplatelet agents.48 In adult cancer-associated thrombosis 

trials, major bleeding rates in active cancer patients were 

around 5%.53 This highlights that while cancer patients are at 

higher thrombotic risk, they are also at higher bleeding risk. 

This is likely secondary to a higher concurrent rate of gastro-

intestinal lesions, vascular tumors, thrombocytopenia from 

the cancer or its treatment, and other major organ dysfunction 
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such as renal failure. As the rate of recurrent VTE is ~50% 

in the first 3 months (40% in the first month), in the absence 

of major bleeding, benefits of anticoagulation for acute VTE 

still outweigh these risks.8 Caution, appropriate counseling, 

and monitoring of cancer patients should be employed given 

the higher risk of complications. While there are no AYA and 

pediatric specific trials to counterpoint the adult data, prin-

ciples of balancing thrombotic and hemorrhagic risk when 

selecting the appropriate treatment for VTE cancer patients 

are important considerations.

For patients with moderate-to-severe thrombocytope-

nia, the elevated bleeding risk needs to be factored into the 

decision-making. Although there are no prospective studies 

to address the optimal approach, some experts recommend 

lowering the dose of LMWH in thrombocytopenic patients. 

A retrospective analysis of such an approach was recently 

reported from Memorial Sloan Kettering Cancer Center,71 

in which patients with platelet counts between 25×109 and 

50×109/L had a 50% dose reduction in the dose of enoxaparin, 

while the dose was temporarily stopped if the platelet count 

dropped below 25. Of 144 thrombocytopenic events in 101 

patients, there was only one major bleeding event, and no 

recurrent VTE.

An alternative approach, particularly in the setting of 

acute VTE and severe thrombocytopenia, would be to con-

tinue LMWH with aggressive prophylactic platelet transfu-

sion support to maintain the platelet count above 25–30. 

A similar strategy is endorsed by a recent Canadian expert 

opinion consensus recommendation on “clinical challenges” 

in adult patients with cancer-associated thrombosis.70 In 

addition to potential LMWH dose reduction depending on 

platelet count and the use of platelet transfusions as needed, it 

is importantly highlighted that the timing from the thrombotic 

event (<1 month versus ≥1 month) should also factor into the 

decision as the risk of recurrent thrombosis is substantially 

smaller when the acute phase of clot evolution has passed. 

The decision to lower the dose of myelosuppressive (ie, plate-

let lowering) chemotherapy agents should depend on whether 

the treatment is being administered with curative intent. In 

such cases, most experts would recommend maintaining dose 

intensity of these drugs and using platelet transfusion support, 

while in the palliative setting a chemotherapy dose reduction 

would be reasonable to minimize the increased bleeding risk.

With respect to the use of inferior vena cava filters for 

patients with lower extremity DVT, a recent retrospective 

study in adult cancer patients with a variety of malignancies 

indicates that these do not necessarily protect against PE 

and are associated with a higher rate of recurrent DVT and 

increased risk of complications.72 Although there are no com-

parable data in AYA patients, these findings suggest caution 

in their use in cancer patients in general; their use should be 

restricted to situations where an acute lower extremity DVT 

is present and anticoagulation is absolutely contraindicated 

(eg, severe active bleeding), or if the platelet count cannot 

be maintained above 20×109/L even with transfusion support 

(eg, platelet alloimmunization).

What is the optimal management of 
central venous catheter-associated 
venous clots?
Catheter-associated upper extremity thrombosis is a com-

mon complication in cancer patients and can be found in 

14%–18% on screening imaging studies, with ~5% being 

symptomatic.73 Unfortunately, because upper extremity DVT 

only comprises approximately 5%–10% of all VTE,51 there 

are less data available to guide management. The initial 

assessment typically depends on the location of the clot. 

Generally speaking, deep veins in the arm are classified 

as including the axillary vein and more proximal, though 

the brachial vein has also been included as a deep vein in 

some studies. Smaller veins (cephalic, basilic, and other 

more distal/superficial arm veins) are less likely to extend 

or embolize and treatment of thrombosis found in these 

veins is controversial with a tendency to not anticoagulate.70 

Upper extremity DVT (axillary vein and more proximal) has 

general epidemiologic data in adult patients, which include 

a 5% association with PE, 8% recurrence rate in 5 years, 

and 20% postthrombotic syndrome development.48 The 

presence of a catheter and/or cancer increases the risk of 

upper extremity DVT and can be ongoing risk factors after 

a thrombotic event occurs.

It thus stands to reason that in the highly thrombogenic 

cancer patient, anticoagulation should also be recommended 

if a catheter-associated DVT develops. Duration of antico-

agulation is controversial but is for a minimum duration of 

3 months, largely extrapolated from lower extremity DVT 

and PE data.48 If the central venous catheter remains in place, 

such as for ongoing chemotherapy, expert opinion would 

recommend continuing anticoagulation as thrombotic risk 

factors persist. If the line is removed at or before 3 months, 

anticoagulant cessation can be considered after the 3-month 

mark. This is consistent with existing general adult thrombo-

sis guidelines and expert panel consensus opinions. Finally, 

there is reasonable evidence to support leaving the catheter 

in place as long as it is still required and functioning rather 

than removing/replacing it after DVT.74
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How should asparaginase-associated VTE 
be managed?
There is published expert opinion-level evidence for the man-

agement of AYAs who are being treated with asparaginase for 

ALL to prevent and manage VTE.75 For AYAs, the incidence 

of thrombosis is known to be increased compared to that of 

children receiving similar therapy,23 with the most likely time 

for thrombosis occurring during either induction76 or in the 

postremission intensification phase,32,77 depending on the 

chemotherapy protocol used. Limited evidence is available 

from pediatric studies to support the prophylactic use of anti-

thrombin III concentrate supplementation during induction78 

or anticoagulation with LMWH.79 In the latter retrospective 

study, the use of enoxaparin 1 mg/kg/d was associated with a 

significantly lower risk of VTE. In contrast, one retrospective 

analysis in adults did not demonstrate a reduced incidence of 

VTE using prophylactic fixed low-dose enoxaparin during 

postremission asparaginase-containing therapy; however, 

patients with dose-adjusted enoxaparin at 1 mg/kg/d trended 

toward a lower VTE rate.80 The data, therefore, suggest that 

adjusted dose LMWH may be preferred for such higher-risk 

patients. However, this is based on retrospective data, and 

prospective studies are needed to verify this.

If clinically significant VTE or central nervous system 

thrombosis occurs, the patient should be anticoagulated, 

with or without antithrombin III supplementation. The 

asparaginase should be temporarily stopped, but may be 

resumed once the patient has been stabilized on anticoagu-

lation. Permanently discontinuing asparaginase in patients 

with uncomplicated VTE is not advised due to the potential 

increased risk of relapsed leukemia; several studies have 

shown a lower event-free survival and higher cumulative 

incidence of relapse in patients discontinuing asparaginase 

early due to toxicity.32,77

What is the optimal duration of 
anticoagulation?
The minimum duration of anticoagulation for a proximal 

DVT and/or PE has been established in the adult population 

as 3 months as recurrence rates are very high when duration 

is shorter (ie, the acute thrombosis has not yet healed) and 

does not change thereafter no matter what the duration of 

anticoagulation is beyond 3 months (ie, the acute clot has 

healed and thrombotic events now reflect new recurrences 

which in turn reflect the patient’s thrombotic risk).81 While 

these data were generated from the general population and 

not cancer-specific, it can be logically extrapolated that as 

cancer confers an even higher thrombotic risk, the minimum 

duration of therapy would not be shorter than 3 months. Dura-

tion beyond 3 months is currently left up to the discretion of 

the treating physician. Adult cancer-associated thrombosis 

trials have generally used an arbitrary 6-month time frame in 

their protocols,53,57 and this has resulted in a typical treatment 

period extended to at least 6 months, but with a lack of data on 

safety and efficacy of anticoagulation beyond this time point.

Duration of anticoagulation is typically recommended to 

be “defined” (ie, short term such as only 3 months) in those 

with transient provoking risk factors, who are predicted to 

have a low risk of recurrence, or who are predicted to have a 

high risk of bleeding. Duration is conversely recommended 

to be “indefinite” (ie, long term with no specified stop date) 

in those with unprovoked VTE, who have permanent strong 

risk factors for VTE, or who have low bleeding risk.82 This 

speaks to the importance of balancing thrombotic risk while 

off anticoagulation with major bleeding risk while continuing 

on anticoagulation. As such, it is reasonable to apply this to 

cancer patients and derive expert opinion-based recommen-

dations. At the 3-month point, an assessment of thrombotic 

and bleeding risk should be done. Assuming there are no 

contraindications to ongoing anticoagulation, if the cancer 

remains active and/or active treatment such as chemotherapy 

continues, extending anticoagulation to cover the ongoing 

risk is recommended. If the cancer is considered cured and 

no further therapy is required, it may be reasonable to discuss 

anticoagulant cessation. If cancer is palliative in nature, there 

may be benefit to continuing anticoagulation even if chemo-

therapy is no longer given, as long as preventing recurrent 

VTE still positively impacts on quality of life. In patients 

with cancers that are incurable but can enter long periods 

of remission/disease-free states, anticoagulant management 

often relies on patient and doctor preference. If bleeding risk 

is low, it is not unreasonable to continue anticoagulation dur-

ing remission periods as sometimes the first sign of cancer 

recurrence can be thrombotic events, which add to morbidity 

and mortality. Oral anticoagulant options may be considered 

in the surveillance phase.

Conclusion
Thromboembolism is a serious complication for AYAs with 

cancer. The paucity of literature regarding the true incidence 

and risk factors of VTE within AYA oncology, as well as 

management strategies for this population to both prevent and 

treat thrombosis, create a challenge for the clinician. While it is 

well recognized that AYAs with cancer do not fit perfectly into 

either the pediatric or adult physiology and pharmacology due 

to issues of development, disease biology, and patient-specific 
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factors, the current practice is to manage AYAs with cancer and 

VTE as either a child or an adult depending on their age and 

the center where they are being treated. At present, balancing 

the risks of thrombosis and bleeding in establishing a treat-

ment plan for the AYA oncology patient must remain a guiding 

principle. By consensus between adult and pediatric literature, 

the use of LMWH for the management of acute VTE should 

be considered the preferred anticoagulant. This may change 

in the coming years as results from prospective studies using 

new oral anticoagulants in cancer patients become available.

Specific risk factors predisposing AYAs with cancer to 

thrombosis require further investigation, considering the 

complexities of the coagulation activation due to the cancer, 

treatment, and patient-specific factors. Prospective collaborative 

studies with specific attention to the AYA population are needed 

to improve the understanding of AYA thrombotic risk factors. 

The further development and validation of prediction models 

for the development of thrombosis in this population as well 

as validation of diagnostic modalities for AYA thrombosis will 

allow for better development of prophylactic as well as thera-

peutic strategies for the management of VTE in AYA oncology.
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