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Venous thromboembolism is a major complication in cancer patients. The basis for
the strong association between cancer and thrombosis remains incompletely under-
stood, and the optimal approaches to both the treatment and the prevention of
cancer-associated thrombosis are evolving. Here we review several important topics
related to cancer-associated thromboembolism, including the pathogenesis, preven-
tion, and management of this disease. Wherever possible, we include evidence from
clinical trials, including the results of recently published trials that compared direct

oral anticoagulants to low-molecular-weight heparin for the treatment of cancer-

anticoagulation, cancer-associated thrombosis, deep vein thrombosis, malignancy, pulmonary
embolism, Venous thromboembolism

e Thombosis is a major complication in cancer patients, but optimal management remains unclear.

o We summarize the literature of pathogenesis, risk factors, prevention, and treatment of cancer-associated thrombosis.

e We include the most recent data on the use of direct oral anticoagulants for cancer-associated thrombosis.

e More research is needed for the management in challenging cancer population.

1 | INTRODUCTION

Malignancy is a strong risk factor for venous thromboembolism
(VTE), shown to be associated with 20%-30% of incident VTE in
population studies.! Cancer patients have a four- to seven-fold in-
creased risk of VTE and a two-fold increased risk of major hemor-
rhage on anticoagulation when compared with patients without
cancer,? and therefore, VTE is the second leading cause of death
in the cancer population, right behind cancer itself. VTE and its
treatment could impact the quality of life in cancer patients, delay
cancer treatment, and have complications including recurrent VTE
and/or bleeding. Therefore, the optimal prevention and treatment

of VTE are crucial components of patient care in this population.

Low-molecular-weight heparin (LMWH), when compared with war-
farin, has been shown to reduce the risk of recurrent VTE in patients
with cancer-associated thrombosis (CAT),4 and is therefore the
standard treatment for acute CAT for the past 15 years. However,
the high cost and significant lifestyle burden associated with LMWH
have led many clinicians and investigators to wonder whether the
direct oral anticoagulants (DOACs) might be a better choice for
primary and/or secondary VTE prevention in patients with cancer.
Here we review literature on important topics in the prevention and
treatment of CAT. Our management recommendations are based on
available evidence whenever possible. For clinical situations in which
there is no high-quality evidence, we provide management sugges-

tions that are based on our experience and opinion.
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2 | PATHOGENESIS OF CANCER-
ASSOCIATED THROMBOSIS

Multiple mechanisms of CAT have been identified, which could vary
depending on the type of malignancy. A recent review has summa-
rized this topic in detail.” Traditionally, CAT is thought to represent
the intersection of the “Virchow's triad” with chronic disseminated
intravascular coagulation (DIC) from malignancy, venous stasis from
central venous catheter placement, and endothelial injury from anti-
neoplastic chemotherapy.® More recent translational research sug-
gests that the vascular microenvironment, including tissue factor,
platelets, and neutrophils, explains a great deal of the prothrombotic
tendencies.

Tumor derived tissue factor (TF) and TF-positive microparticles
(MPs), especially those from pancreatic cancer cells, can enhance the
development of VTE in vivo.” Retrospective and prospective clinical
studies have also demonstrated associations between high levels of
TF-positive MPs and VTE.®? There is ongoing interest to study TF
and TF-positive MPs as potential predictive biomarkers in cancers
with high risk of VTE.X®

Increased soluble P-selectin, a marker of platelet activation,
has been shown to be associated with higher incidence of VTE.!!
Increased endothelial expression of P-selectin appears to be import-
ant for CAT, possibly by promoting leukocyte adhesion.”*? Platelet-
leukocyte interactions may also be important because neutrophil
extracellular traps (NETs) can both promote platelet aggregation and
activate the coagulation cascade.’®* At least one ongoing clinical
trial (NCT02285738) aims to examine the role of anti-platelet agents
in the prevention of CAT.

3 | RISK FACTORS OF CANCER-
ASSOCIATED THROMBOSIS

Many risk assessment models have been developed in attempt to
identify patients with higher risk of CAT to strategize the optimal
therapy. The Khorana Risk Score is one well-known tool that can
help to assess the risks of first VTE in cancer patients undergoing
treatment with chemotherapy.’® Based on five prechemotherapy
clinical characteristics (site of cancer, platelet count, hemoglobin
level, leukocyte count, and body mass index), patients are divided
into three risk categories: low, intermediate, and high-risk, with
significantly different risks of VTE in 3 months (0.3%, 2%, and
6.7% in the validation cohort, respectively). Subsequently many
other studies have independently validated this risk assessment
tool while improving its predictive accuracy by incorporating bio-
markers such as D-dimer and soluble P-selectin.’® Of note, this
risk prediction model does not apply to many hematological ma-
lignancies such as multiple myeloma and leukemia because they
were excluded from the original study. The Vienna Cancer and
Thrombosis study group has recently proposed an alternative
risk prediction scheme that uses only two factors (tumor site and

D-dimer) to estimate VTE risk. Their derivation and validation data

suggest this simpler model may have a higher C-statistic than the
Khorana score.”

As for recurrent VTE, the Ottawa score has been developed to
identify risk factors for recurrent VTE in cancer pa\tients.18 The re-
searchers identified four factors—gender, type of cancer, stage of
cancer, and history of VTE for risk assessment. A score <0 corre-
sponds with a low risk (<4.5%) and score 21 corresponds with a high
risk (219%) of VTE recurrence within 6 months. Attempts to validate
this model in other populations have yielded conflicting results.}”2°
A subsequent small prospective study showed that baseline soluble
P-selection, but not D-dimer, was associated with increased risk of
recurrent cancer-associated thrombosis.2° Other studies have iden-
tified additional risk factors for recurrent VTE. For example, in the
Olmstead County population based cohort study, cancer type, stage,
stage progression, and leg paresis were significant risk factors,??
while elevated tissue factor, venous compression, and hepatobiliary
cancer were identified as risk factors in the CATCH study.?? More
studies are needed to delineate the most useful risk assessment tool

to help clinicians to identify patients with high risk of recurrent VTE.

4 | PRIMARY PREVENTION OF
THROMBOSIS IN CANCER PATIENTS

4.1 | Prevention of thrombosis in cancer patients
undergoing surgery

Multiple randomized controlled trials have explored the role and optimal
duration of thromboprophylaxis in cancer patients undergoing surgery.
A recent meta-analysis included 39 studies comparing perioperative
pharmacological thromboprophylaxis in cancer patients undergoing
surgery with no pharmacological prophylaxis (including mechanical
prophylaxis or no prophylaxis), and demonstrated 50% reduction in the
rate of deep vein thrombosis (DVT) with pharmacological prophylaxis,
with an acceptable increase in the risk of bleeding, without a difference
in mortality and pulmonary embolism (PE).% In addition, a systemic
review and meta-analysis on seven randomized studies (encompassing
4807 patients) showed that extended thromboprophylaxis (2-6 weeks)
after an abdominopelvic cancer surgery significantly reduced the risk
of all VTE and proximal DVT by approximately 50%, when compared
with conventional duration of thromboprophylaxis (<2 weeks).?* No
difference was found in the incidence of symptomatic PE, major bleed-
ing events, and 3-month all-cause mortality.?* Given this evidence,
pharmacological thromboprophylaxis is recommended for most cancer
patients undergoing surgery, with extended prophylaxis (4 weeks) for

patients undergoing abdominopelvic cancer surgery.zs'26

4.2 | Prevention of thrombosis in the ambulatory
outpatient setting

Randomized controlled studies and meta-analyses have demon-
strated that prophylactic LMWH in ambulatory cancer patients re-
ceiving chemotherapy can reduce the risk of VTE.??® However, given
the high number needed to treat (NNT) of 40 to 50 in the general
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population of cancer patients, major guidelines continue to recom-
mend against routine VTE prophylaxis for all ambulatory cancer pa-
tients. Ongoing clinical studies of “targeted thromboprophylaxis” aim
to determine whether limiting prophylactic anticoagulation to high-
risk patients may result in a lower NNT for this subgroup. The results
of one such study (NCT00876915) recently became available.?? After
12 weeks of prophylactic dalteparin in cancer patients with Khorana
score 23 undergoing chemotherapy, there was a nonsignificant re-
duction in the risk of VTE (12% on dalteparin vs 21% on placebo, haz-
ard ratio [HR] of 6.9). Major bleeding was low and comparable in both
groups, although the dalteparin group had statistically significantly
increased risk of clinically relevant bleeding. Of note, the study was
underpowered because it was terminated prematurely due to slow
accrual. The ongoing Cassini trial (low-dose rivaroxaban vs placebo,
NCT02555878) and the Avert trial (low-dose apixaban vs placebo,
NCT02048865), if positive, may have a higher likelihood of changing
clinical practice in high-risk cancer patients since primary prophylaxis
with an oral agent would be less burdensome than LMWH.

5 | TREATMENT OF CANCER-
ASSOCIATED THROMBOSIS

5.1 | Acute treatment (within 3-6 months)

Several pivotal randomized controlled studies have shaped our
treatment strategy for CAT. In Tables 1 and 2, we summarize and
compare the key patient characteristics as well as clinical outcomes
across major studies for the treatment of acute CAT (CLOT, CATCH,
Hokusai VTE Cancer, Select-D, and DALTECAN studies).

5.1.1 | Low-molecular-weight heparin

Low-molecular-weight heparin (LMWH) has been the standard
of care for treatment of acute CAT for at least 15 years, based on
the results of several randomized controlled trials dedicated to pa-
tients with CAT. In these studies, LMWH was compared to vitamin K

TABLE 1 Comparison of baseline
patient characteristics of CLOT, CATCH,

Hokusai Cancer VTE, Select-D, and Study

Daltecan study N
Age, years (mean)
Male
Solid tumor

Metastatic disease
ECOG = 2

Cancer treatment at
randomization

Incidental

History of VTE
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antagonists (VKA) for the treatment of acute VTE in cancer patients.
The pivotal CLOT study showed a significant reduction in VTE re-
currence,4 while three other smaller studies showed no difference
in efficacy or safety outcomes,***2 and the most recent CATCH
study®® showed a nonsignificant reduction in VTE recurrence, but a
significantly decreased risk of clinically relevant non-major bleeding
(CRNMB) in the LMWH arm. We performed a meta-analysis of the
summary data from these studies using Review Manager (RevMan)
[Computer program]. Version 5.3. (The Nordic Cochrane Centre,
The Cochrane Collaboration, Copenhagen), and found that overall,
compared with VKA, LMWH reduced the risks of recurrent VTE by
40% (relative risk [RR] 0.60, 95% Cl 0.45-0.80) (Figure 1A) with no
difference in major bleeding (RR 1.07, 95% CI 0.65-1.75) (Figure 1B).
Several major clinical guidelines have recommended LMWH as the

first line therapy for treatment of acute CAT.34%6

5.1.2 | Direct oral anticoagulants

Four DOACs have been approved for the treatment of DVT and/
or PE, including dabigatran, rivaroxaban, apixaban, and edoxaban.
All have demonstrated a comparable efficacy and safety to VKA
in the cancer subpopulation.37 However, the cancer subpopulation
enrolled in these large studies was small and generally had lower
risks of both recurrent VTE and hemorrhage when compared with
patients enrolled in earlier studies specific to cancer patients (such
as CLOT study).%® Meta-analyses have suggested that DOACs and
LMWH may have similar efficacy and safety in cancer patients, but
these were based on indirect comparisons.”*39 A few single-center
cohort studies of rivaroxaban for CAT have yielded encouraging
results, but all had significant methodologic limitations.**™*% A re-
cent study explored the use of rivaroxaban in cancer patients with
catheter-related thrombosis also had promising results.** Overall,
these preliminary results are encouraging, but not definitive.
Randomized controlled trials are the gold standard to determine
the efficacy and safety of DOACs compared with LMWH in cancer
population. Recently, the results of the first study of this kind has

Hokusai VTE

CLOT* CATCH®*  Cancer® Select-D¥ Daltecan®?
676 900 1046 406 334

62.5 59.2 64 67 (median) 63.8
51.5% 40.6% 51.6% 51% 48.8%
89.6% 89.6% 89.1% 97% 91.6%
67.3% 54.7% 59% 59% 62.6%
36.7% 23.2% 23.8% 23.5% 21%
77.7% 52.9% 72.4% 69% N/A

0% 0% 32.5% 53% N/A
11% 6.3% 10.7% N/A N/A

ECOG, Eastern Cooperative Oncolology Group performance status; N, total number of patients
enrolled; N/A, not available; VTE, venous thromboembolism.
2Daltecan study is the only nonrandomized prospective cohort study included here.
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TABLE 2 Rates of 6-month recurrent venous thromboembolism, major bleeding, and mortality in both arms of CLOT, CATCH, Hokusai VTE Cancer, Select-D, and Daltecan study

Select-D¥ Daltecan®®?

Hokusai VTE Cancer®®

CATCH?3®

cLot*

Study

WANG ET AL.

Dalteparin Dalteparin

Warfarin Dalteparin Warfarin Tinzaparin Edoxaban Dalteparin Rivaroxaban

Arms

18/203 (8.9%) 29/334 (8.7%)

27/336 (8.0%) 45/451 (10.5%) 31/449 (6.9%) 34/522 (6.5%) 46/524 (8.8%) 8/203 (3.9%)

53/336(15.8%)

Recurrent VTE

26/334 (7.8%)

6/203 (3%)
30%"

12/335 (3.6%) 19/338 (5.6%) 11/451 (2.4%) 12/449 (2.7%) 29/522 (5.6%) 17/524 (3.2%) 11/203 (5.4%)
130/336 (38.7%) 140/522 (26.8%)

136/336 (40.5%)

Major bleeding

116/334 (33.8%)
12 months

25%P

127/524 (24.2%)

150/449 (33.4%)

138/451 (30.6%)

Mortality

VTE, venous thromboembolism.

2Daltecan study is a nonrandomized prospective cohort study.

®The numbers of patients are not available.

been published. The Hokusai VTE Cancer study was an open-label,
randomized, noninferiority study, enrolling patients with a cancer
diagnosis within the past 2 years, who developed an acute proxi-
mal DVT and/or PE.**> The primary outcome was the composite of
the first recurrent VTE or major bleeding event within 12 months.
Among the 1046 patients included in the modified intention-to-treat
analysis, the primary endpoint occurred in 67 of 522 (12.8%) patients
in the edoxaban group, compared with 71 of 524 (13.5%) patients
in the dalteparin group (hazard ratio with edoxaban, 0.97, 95% Cl
0.70-1.36). Edoxaban was noninferior to dalteparin for the combined
outcomes of recurrent VTE or major bleeding in this cancer popula-
tion (P = .006 for noninferiority). Interestingly, patients randomized
to edoxaban experienced numerically fewer recurrent VTE events
(7.9% vs 11.3%, P = .09) but more major bleeding events (6.9% vs
4.0%, P = .04) than those in the dalteparin group. However, the fre-
quency of severe (fatal or potentially fatal) major bleeding, adjudi-
cated without knowledge of treatment assignment and according to
criteria defined a priori, was not different between the edoxaban
and dalteparin groups.*®

The results of another study of this kind, the Select-D pilot
trial, were also recently reported as in the abstract format.*” A
total of 406 cancer patients were randomized to rivaroxaban
or dalteparin for the treatment of a proximal lower extremity
DVT or PE. The primary endpoint—the 6-month VTE recurrence
rate—was 3.9% in patients on rivaroxaban, as compared with
8.9% in patients on dalteparin; major bleeding occurred numer-
ically more frequently with rivaroxaban (5.4% vs 3.0%). CRNMB
also occurred more in the patients treated with rivaroxaban
(12.3% vs 3.0%). More detailed data are awaited in the final
publication.

A combined analysis of the two randomized trials was per-
fomend and a forest plot generated by using Review Manager
(RevMan) [Computer program]. Version 5.3. (The Nordic Cochrane
Centre, The Cochrane Collaboration); the results are remarkably
similar and suggest that DOACs are at least as effective as LMWH
for the prevention of recurrent VTE (RR 0.65, 95% CI 0.42-1.01,
Figure 2A), but increase the risk of major bleeding (RR 1.74, 95%
Cl1.05-2.88, Figure 2B).*® The majority of bleeds was gastrointes-
tinal in origin, and the bleeding risk difference was most evident
in patients with gastrointestinal cancer. The Hokusai VTE Cancer
study showedthatthe severity of bleeds waslessin patientstreated
with DOACs, with the majority bleeding events treated by trans-
fusion only. Because the absolute risk difference for major bleed-
ing is modest and severeity is less, we expect that many clinicians
and patients will chose a DOAC rather than LMWH because of the
associated reduction in finanacial and lifestyle burden. At the time
of this writing, the best available evidence supports edoxaban for
the treatment of cancer-associated VTE. However, more random-
ized controlled trials are under way to compare other DOACs to
LMWH, including the CASTA-DIVA study (NCT02746185) and
the CONKO-011 study (NCT02583191), using rivaroxaban com-
pared with LMWH for the treatment of CAT; the CARAVAGGIO
study (NCT03045406), using apixaban compared with dalteparin;
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(R) LMWH VKA Risk ratio Risk ratio
Study or subgroup  Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% CI
CANTHANOX 2 7 3 75 26% 0.70[0.12, 4.09] 2002
CLOT 27 336 53 336 42.4% 0.51[0.33, 0.79] 2003 -
MAIN-LITE 6 100 10 100 8.6% 0.60 [0.23, 1.59] 2006 e
ONCENOX 4 61 3 30 4.0% 0.66 [0.16, 2.74] 2006 - 1
CATCH 31 449 45 451 42.4% 0.69 [0.45, 1.07] 2015 —H
Total (95% CI) 1017 992 100.0% 0.60 [0.45, 0.80] <
Total events 70 114
. Coo _ _ Do I } } |
?etfl;ogenenyl.l T ﬁ_ (::02, X3 ;20.19;9, d(l;(;04 (P=.91); I°=0% 0.01 0.1 1 10 100
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(B) LMWH VKA Risk Ratio Risk Ratio
Study or subgroup  Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% ClI
CANTHANOX 5 71 12 75 19.2% 0.44[0.16, 1.19] 2002 — =T
CLOT 19 338 12 335 31.0% 1.57[0.77, 3.18] 2003 T
MAIN-LITE 7 100 7 100 18.6% 1.00 [0.36, 2.75] 2006 - r
ONCENOX 6 67 1 34 53% 3.04 [0.38, 24.28] 2006
CATCH 12 449 11 451 25.9% 1.10[0.49, 2.46] 2015
Total (95% ClI) 1025 995 100.0% 1.07 [0.65, 1.75] I
Total events 49 43
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Tost fo overal sfsc 2 0.3 (e 80 o oor o1 1 0 100
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FIGURE 1 (A)Risk of recurrent venous thromboembolism in 6 months in randomized controlled trials of LMWH vs VKA (random effect
model). (B) Risk of major bleeding in 6 months in randomized controlled trials of LMWH vs VKA (random effect model). Cl, confidence
interval; LMWH, low-molecular-weight heparin; M-H, Mantel-Haenszel; VKA, vitamin K antagonists

(A) DOAC LMWH Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Hokusai VTE cancer 2017 34 522 46 524 73.4% 0.74[0.48, 1.14]
Select-D 2017 8 203 18 203 26.6% 0.44 0.20, 1.00]
Total (95% ClI) 725 727 100.0% 0.65[0.42, 1.01]
Total events 42 64
Heterogeneity: 12 = 0.02; 2 =1.21, df = 1 (P=.27); P =17% 0.01 0.1 1 10 100
Test for overall effect: Z=1.92 (P = .06) Favours DOAC Favours LMWH
(B) DOAC LMWH Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% Cl
Hokusai VTE cancer 2017 29 522 17 524 73.5% 1.71[0.95, 3.08] 2017 -
Select-D 2017 11 203 6 203 26.5% 1.83[0.69, 4.86] 2017 =
Total (95% Cl) 725 727 100.0% 1.74[1.05, 2.88] o
Total events 40 23 ) ) ) )
Heterogeneity: 12 = 0.00; %2 = 0.01, df = 1 (P=.91); 2 = 0% 0.01 01 1 10 100

Test for overall effect: Z=2.17 (P = .03)

Favours DOAC

Favours LMWH

FIGURE 2 (A)Risk of recurrent VTE in 6 months in randomized controlled trials of DOAC vs LMWH (random effect model).*® (B) Risk
of major bleeding in 6 months in randomized controlled trials of DOAC vs LMWH (random effect model).*® CI, confidence interval; DOAC,
direct oral anticoagulants; LMWH, low-molecular-weight heparin; M-H, Mantel-Haenszel; VTE, venous thromboembolism

and the CANVAS study, (NCT02744092) comparing DOAC class
with LMWH class. Additional information (such as risk factors for
bleeding) will undoubtedly emerge from these trials, along with

those already published, that will help clinicians further optimize

the risk-benefit tradeoffs of DOACs for cancer patients. For ex-
ample, risk-benefit trade-off discussion is particularly needed in
patients with gastrointestinal malignancies, given the increased

risk of bleeding seen in this subgroup.
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5.1.3 | Vitamin K antagonists

Vitamin K antagonists was shown to be less effective than LMWH
in the prevention of recurrent cancer-associated VTE (Figure 1A). In
addition, VKAs have disadvantages that include frequent laboratory
monitoring and dose adjustment, multiple drug and diet interactions,
and slow onset and offset. Therefore, VKA is not recommended as
preferred treatment for CAT in major guidelines. However, it is still
widely used in patients with CAT, given the relatively low cost, oral
route, and high provider familiarity. A recent study using medical
and pharmacy claims from a large insurance database showed that
in 2940 cancer patients with a new VTE, the majority (47.7%) were
initiated on warfarin as anticoagulation, while 25% on LWMH and
24.1% on rivaroxaban.*’ Based on the aggregate of available evi-
dence, warfarin and other VKA should be a “third choice” for cancer
patients, used only in situations where netiher a DOAC nor LMWH
is feasible.

5.2 | Extended treatment (beyond 6 months)

The optimal duration and choice of anticoagulation beyond 6 months
for CAT are not as well studied, as the duration of follow-up and
anticoagulation treatment in previously cited pivotal studies were
limited to 3-6 months. Outcomes beyond 6 months have been de-
scribed in the DALTECAN study and in the TiCAT study, and both
were single-arm cohort studies treating CAT patients with dalteparin
(DALTECAN) or tinzaparin (TiCAT) for 12 months.?%%! Both studies
showed that the risk of recurrent thrombosis or major bleeding is
higher during the first 3-6 months, with an ongoing risk of recur-
rent thrombosis beyond 6 months. Therefore, major guidelines rec-
ommend continuing anticoagulation as long as risk factors (ongoing
active malignancy and/or cancer treatment) for VTE are present.
The Hokusai VTE Cancer study followed enrolled patients for up
to 12 months and demonstrated a continued risk of recurrent VTE
beyond 6 months, supporting the practice of extended anticoagula-
tion. The Select-D study initially designed a secondary phase after
the initial 6 months of anticoagulation: to stop anticoagulation if
there was no residual DVT on repeat ultrasound, and to randomize
patients to rivaroxaban or placebo in patients who did have residual
DVT.* However, this phase of the study was prematurally termi-
nated because of slow recruitment.

As for the optimal type of anticoagulation for extended treat-
ment of VTE in the cancer population, the recent Hokusai VTE
Cancer study is the first large randomized study that followed antico-
agulated cancer patients beyond 6 months, and showed that, based
on a composite endpoint of recurrent VTE or major bleeding, edox-
aban was not inferior to dalteparin during this timeframe. Therefore,
edoxaban (and other DOACs, pending additional evidence) may be an
attractive alternative to LMWH for extended treatment in patients
with CAT. Future studies should test the hypothesis that lower doses
of anticoagulation might be effective after some intial period of ther-
apeutic anticoagulation. The STEP-CAT study (NCT 027526047) is
an ongoing multi-center, open-label, single-arm study of enoxaparin

40 mg subcutaneously daily for patients with CAT who have com-

pleted 3-6 months of therapeutic anticoagulation.

5.3 | Treatment in special populations

5.3.1 | Patients with recurrent VTE while on
anticoagulation

Cancer patients often develop recurrent VTE despite anticoagula-
tion. However, there is no high-quality evidence to guide practice
in this situation. Recommendations from major guidelines including
changing oral anticoagulants to LMWH or escalating LMWH doses
by 20%-25% are based on limited retrospective studies.”?">* The re-
sults of a registry study addressing this issue were reported recently,
including 212 cancer patients with recurrent VTE on anticoagula-
tion.>> LMWH was associated with a reduced risk of recurrent VTE
events when compared with vitamin K antagonists, but escalating
the intensity of anticoagulation (such as dose increase) did not re-
duce the risk compared to lower intensity treatments. The validity
of this small, observational study is limited by the possibility of con-
founding variables and selection bias. None of the patients in this
registry received DOACs. The results of recent randomized studies
utilizing DOACs may change the way we approach recurrent CAT
despite LMWH, because both the Hokusai VTE Cancer study and
the Select-D study suggest that DOACs may be more effective than
LMWH in preventing recurrent VTE. Better evidence is needed to
guide the management of cancer patients who develop recurrent

VTE despite anticoagulation.

5.3.2 | Patients with thrombocytopenia

Cancer patients commonly have thrombocytopenia, either related to
the underlying malignancy or to the cancer treatment.>® When they
develop a CAT at the same time, the risk-benefit decisions are espe-
cially complex. Most of the studies in the literature addressing this
problem are small and observational, with a great variety of treat-
ment strategies, including different platelet transfusion thresholds
and/or different LMWH dose-adjustments for different levels of
thrombocytopenia.57 LMWH has the most safety data in the setting
of thrombocytopenia, most likely due to the frequency of this condi-
tion in cancer patients, for whom LMWH has been the anticoagula-
tion of choice.

For example, in the setting of an acute VTE, the ISTH guideline,
based mostly on expert consensus, recommends a therapeutic dose
of anticoagulation for patients with platelet count 250 x 10%/L.%8 For
patients with acute (recent) VTE and a platelet count <50 x 107/L,
ISTH recommends platelet transfusion to allow for therapeutic an-
ticoagulation, or alternatively, insertion of retrievable IVC filter until
the platelet count is safe for anticoagulation.’® However, the platelet
threshold of 50 x 10°/L is not based on high-quality evidence. In an
observational study of 2747 cancer patients who had an IVC filter
placed between 2005 and 2009, no reduction in short-term mortal-
ity or PE prevention was demonstrated.”” Other than the possible
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exception of a patient with recent acute VTE AND a contraindication
for anticoagulant therapy, we do not think the evidence of benefit
from IVC filters justifies their risk.

For patients with subacute or chronic VTE, the ISTH guideline
recommends the LMWH dose be reduced in patients with plate-
let count <50 x 10%/L, and held altogether if the platelet count is
<25 x 10%/L. A recent cohort study investigated the optimal man-
agement of prior VTE during the period of thrombocytopenia asso-
ciated with autologous stem cell transplantation.é0 No differences
in the 30-day bleeding or VTE outcomes were found in patients
who were continued on anticoagulation with platelet transfusion
support, compared with anticoagulation interruption. No “safe”
platelet threshold was found in the unadjusted analysis. Many
other strategies involving different platelet threshold and antico-
agulation dose have been published with various outcomes, mak-
ing it difficult to know which approach is best. There is certainly a
need for larger and higher quality studies to address this common
problem.

5.3.3 | Patients with brain tumors

Patients with brain tumors, either primary or metastatic, are at high
risk of both thrombotic and bleeding complications, and therefore
the optimal management is difficult and controversial. The risk of
intracranial hemorrhage (ICH) has been shown to differ in metastatic
disease compared to primary brain glioma. A matched cohort study
in patients with metastatic brain tumor showed that anticoagulation
was not associated with an increased risk of ICH.®! This result was
confirmed by a subsequent meta-analysis of nine retrospective co-
hort studies, which demonstrated that patients with brain metasta-
ses had no increased risk of ICH on anticoagulation (odds ratio [OR]
1.07, 95% ClI 0.61—1.88).62 When brain metastases from melanoma
and renal cell carcinoma were analyzed separately (accounting for
35% of the population), the conclusion remained unchanged (OR 2.3,
95% Cl 0.80-6.59).

On the other hand, the same meta-analysis showed that pa-
tients with glioma had a 3.75-fold increased odds of intracranial
hemorrhage associated with anticoagulation (OR 3.75, 95% ClI
1.42-9.95). This was confirmed by a subsequent matched retro-
spective cohort study that evaluated 133 patients with high-grade
glioma (50 patietns with VTE on enoxaparin and 83 patients with-
out VTE).®® Enoxaparin was associated with a 3.37-fold increased
hazard of major ICH (anticoagulation vs no anticoagulation, 14.7%
vs 2.5%, HR 3.37, 95% CI 1.02-11.14). Despite the elevated risk of
ICH, the lack of long-term anticoagulation was a significant risk
factor for recurrent VTE in patietns with primary brain tumors (HR
11.2, 95% Cl 1.5-86.3).° Based on these results, the benefits of
anticoagulation likely outweigh the risks for most patients with
an acute VTE and metastatic brain tumors. However, in a patient
with glioma, the risks and benefits of anticoagulation should be
carefully evaluated with the knowledge that there is increased risk
for both recurrent VTE and anticoagulant-associated ICH in this
subgroup of cancer patients.
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5.3.4 | Catheter-related thrombosis

The incidence of catheter-related thrombosis (CRT) in cancer pa-
tients varies widely, with more recent studies showing a rate of
close to 20% when both symptomatic and asymptomatic events
are included.®® Primary thromboprophylaxis has not been shown
to be beneficial and therefore is not routinely recommended.®® At
least one cohort study of cancer patients with catheter-associated
thrombosis suggests that many patients can be treated with anti-
coagulation and leaving the catheter in place.67 The optimal type
and duration of anticoagulation are unclear. Guidelines usually
recommend to continue anticoagulation as long as the catheter
is in place and to use LMWH as preferred agents, extending from
the standard of care for CAT as discussed above.®¢%® However,
the optimal duration of anticoagulation after catheter removal re-
mains unknown given the lack of literature. The CATHETER study
enrolled 74 patients with CRT treated with dalteparin bridged to
warfarin. At 3 months, the risk of major bleeding was 4% with
no recurrent VTE, with a line preservation rate of 100%.%” The
CATHETER 2 study further explored the use of DOAC in this con-
dition. They treated 70 cancer patients and CRT with rivaroxaban,
and found that at 12 weeks, the line preservation rate was 100%,
with a rate of recurrent VTE of 1.43% and a major bleeding rate
of 10%.%* Both studies were single arm intervention without con-
trols, and cross trial comparisons cannot be made.

5.3.5 | Incidental cancer-related thrombosis

Cancer patients frequently receive staging scans, and it is esti-
mated that approximately 3% of cancer patients can have inciden-
tal PE on routine imaging.®’ Several retrospective or observational
studies have indicated that the natural course of an incidental PE is
comparable to a symptomatic one in terms of recurrence rate and
survival.”%”* Therefore, standard anticoagulation is generally recom-
mended for incidental PE in cancer patients.72 To address this impor-
tant issue, the Hokusai VTE Cancer study and Select-D trial are the
first two large prospective studies including patients with incidental
VTE (32.5% and 53% of enrolled patients, respectively) (Table 1).
Subgroup analyses of these patients will be forthcoming; however,
for now, guidelines suggest that incidental PE in cancer patients be
treated with therapeutic anticoagulation, with the possible excep-
tion of isolated subsegmental PE.%?

6 | CONCLUSION

Venous thromboembolism is the second leading cause of death in
cancer patients. It can cause short- and long-term morbidity and
mortality, as well as impact a patient’s cancer treatment. Therefore,
the prevention and treatment of VTE are important priorities in the
care of cancer patients. Recent randomized clinical trials indicate
that DOACs are effective for the treatment of CAT, likely with a
small increase in bleeding events compared with LMWH in selective
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cancer subgroups. More research is needed to answer remaining
clinical questions about the best way to: acheive primary VTE pre-
vention, manage acute VTE in the setting of thrombocytopenia, and

treat cancer patients with “anticoagulation failure.”
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