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Abstract

Thrombocytopenia occurs frequently in patients with cancer-associated thrombosis (CAT), however prospective evaluation
of clinical outcomes following randomization to anticoagulants is limited. The HOKUSAI VTE Cancer study was a randomized,
open-label, non-inferiority, phase Il trial comparing dalteparin with edoxaban in CAT patients. This post hoc analysis of
Hokusai VTE Cancer Study was performed to compare outcomes in patients with platelet count £100x10°/L at one or more
specified time points (baseline, 1-month, or 3-month) versus those without thrombocytopenia. Cumulative incidences at
180 days were calculated with death as a competing risk. The primary outcome was major bleeding; secondary outcomes
were clinically relevant non-major bleeding (CRNMB), recurrent thrombosis, and survival. The analysis included 1,045 patients
with primarily solid tumor malignancies (89%), median age 65 years, and 52% male. The thrombocytopenia group comprised
9.6% (N=101) of the cohort and relative to the non-thrombocytopenia cohort (N=944), experienced significantly higher major
bleeding (9.0% vs. 4.0%, sub-distribution hazard ratio [SHR] =2.4; P=0.02) and CRNMB (17.9% vs. 9.6%, SHR=2.0; P=0.01).
Thrombocytopenia did not impact recurrent venous thromboembolic event (VTE) (9.8% vs. 7.4%, SHR=1.3; P=0.37) nor over-
all mortality (21.8% vs. 26.0%, HR=0.9; P=0.48). Major bleeding was higher in patients with thrombocytopenia and gastroin-
testinal malignancies receiving edoxaban versus dalteparin (16.8% vs. 0; P<0.01) but similar for patients with other malig-
nancies (P=0.30). In patients with hematologic malignances and thrombocytopenia major bleeding was higher for patients
receiving dalteparin compared to edoxaban (19.0% vs. 0; P<0.01). Mild thrombocytopenia was associated with a doubling in
risk of major hemorrhage in patients receiving anticoagulation for CAT. Bleeding risk for edoxaban and dalteparin varied in
gastrointestinal and hematologic malignances in patients with thrombocytopenia (clinicaltrails gov. Identifier: NCT02073682).

Introduction

Thrombosis is a common complication in patients with
active malignancy and has significant impact on morbidity
and mortality, leading to increased health care resource uti-
lization and financial strain.”® Cancer also increases the risk
of bleeding which makes anticoagulation in this population
challenging.*® Thrombocytopenia is common in patients with
cancer due to either the underlying malignancy or the tox-
icity of cancer-directed therapies.* Thrombocytopenia often
coincides with the diagnosis of an acute venous thrombo-
embolic event (VTE).” Accordingly, the management of VTE
in cancer patients with thrombocytopenia is challenging,
as clinicians balance the benefits of anticoagulation with
the likelihood of inducing a life-threatening hemorrhagic
event.? Randomized phase lll trials have not been specifically

conducted in patients with cancer-associated thrombosis
(CAT) and thrombocytopenia such that current guidelines
are largely based on retrospective cohorts.®™"

Direct oral anticoagulants (DOAC) are replacing LMWH as the
primary therapy for VTE in cancer.” These oral medications
are comparably efficacious to LMWH for VTE recurrence
with similar rates of hemorrhage,*'®* and have superior pa-
tient satisfaction, quality of life, and treatment adherence
compared to other anticoagulation strategies."”® Data from
prospective clinical trials on outcomes in patients with can-
cer-associated thrombosis and thrombocytopenia treated
with direct oral anticoagulants are lacking.

In order to assess the impact of platelet counts on clinical
outcomes for acute VTE in cancer, we assessed outcomes
among patients enrolled in the HOKUSAI Cancer VTE trial
which was a randomized phase Il trial comparing edoxaban
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and dalteparin anticoagulation regimens in patients with acute
VTE and cancer (clinicaltrails gov. Identifier: NCT02073682).

Methods

This study was a post hoc analysis utilizing de-identified
clinical trial subject data from HOKUSAI Cancer VTE. The
institutional review board at each participating center for
the trial had previously approved the protocol and all pa-
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tients were enrolled after written informed consent was
obtained.® The study team designed the analysis plan and
this study was performed in collaboration with the sponsor
(Daiichi Sankyo).

Hokusai VTE Cancer study was an open-label, non-inferiority
trial, in which patients with cancer and acute symptomatic
or incidental venous thromboembolism were randomized
to receive either low-molecular-weight heparin for at least
5 days followed by oral edoxaban or subcutaneous dalte-
parin.® The trial included adult patients with cancer with
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acute symptomatic or incidental proximal lower extremity
deep vein thrombosis or pulmonary embolism (symptomatic
or incidentally detected involving segmental or more prox-
imal pulmonary arteries). Cancer diagnosis was required to
be within 2 years preceding thrombotic event and either a
cancer diagnosis that was recurrent, metastatic, regionally
advanced, or actively receiving cancer-directed therapy (or
received treatment in the last 6 months or hematologic ma-
lignancies not in remission were eligible). Relevant exclusion
criteria included platelet count <50x10°/L at enrollment. All
patients were treated with an anticoagulant for at least 6
months and up to 1 year. The primary composite outcome
included recurrent thromboembolism, bleeding, and death.
Bleeding was graded in accordance with previously pub-
lished criteria by the International Society of Thrombosis
and Hemostasis (ISTH).® All outcomes were adjudicated
independently by a committee as per prespecified criteria
outlined in the study protocol.

Per study protocol, for thrombocytopenia associated with
chemotherapy in the first month of enrollment, if platelet
count was 50-100x10°/L, dalteparin dose was reduced by
2,500 IU until platelet recovery >100x10°%/L, and held if platelet
count <50x10°%/L. Between 2 to 6 months, dalteparin dose
was similarly adjusted or held, except in patients with body
weight 299 kg, where dalteparin was reduced by 3,000 U
(instead of 2,500 IU). Edoxaban dose adjustment was based
on body weight <60 kg, creatinine clearance between 30-50
mL/minute (min) inclusive, or concomitant use of P-glyco-
protein (P-gp) inhibitors, without regard for platelet count.
Dose interruption was allowed for any medical condition
where continuing study drug may expose the subject to an
increased hazard.

In order to assess the impact of thrombocytopenia on out-
comes in these analyses, patients were grouped according
to the first three time points in the trial that included blood
counts (baseline, 1-month, 3-month). For the primary analysis,
participants with platelet count £100x10°/L at any of the three
time points were included in the thrombocytopenic group
and those without were in the non-thrombocytopenic group.
The primary outcome for these analyses was major bleeding.
Secondary outcomes included recurrent thrombosis, clinically
relevant non-major bleeding (CRNMB), and mortality.

Statistical analysis

We estimated the cumulative incidence of the bleeding and
thrombotic outcomes by identifying death as a competing
risk.® Statistical differences between the platelet cohorts
(£100x10°/L or >100x10°/L) were assessed using Gray test.?°
We used the Fine-Gray method to construct time-to-event
models and report the associated sub distribution function
hazard ratios. Besides the platelet cohorts, dose-adjustment
at randomization was included as a covariate in the model.
Events occurring from randomization up to 180 days were
included. For a given event in analysis if the event did not
occur during this 180-day period, the subject was consid-
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ered censored at 180 days. For overall survival the platelet
cohorts (£100x10°%/L or >100x10%/L) and dose-adjustment at
randomization were included in a Cox proportional hazard
regression model and reported as hazard ratios with 95%
confidence intervals.

Cumulative incidence (with death as a competing risk) of
major bleeding and CRNMB was further estimated and com-
pared statistically by Gray test within the thrombocytopenic
cohort (£100x10°/L) based on treatment arm (edoxaban vs.
dalteparin) for gastrointestinal (GI) cancers and hematologic
malignancies separately.

Results

This analysis included an overall cohort of 1,045 patients, with
a mean age of 64 years and 48% female. One patient from
the original trial was excluded due to insufficient laboratory
data. Most common sites of malignancy included gastrointes-
tinal (30%), lung (14%), genitourinary (14%), breast (12%), and
gynecological (11%). Hematologic malignancies accounted for
approximately 10% of the cohort (Table 1). Of patients with
solid tumor diagnoses, 53% had metastatic disease and 30%
had recurrent disease at enrollment. Qualifying thrombotic
events included pulmonary embolism for 63% and isolated
deep vein thrombosis in 37%. Thrombocytopenia (<100x10°/L)
was present in 101 patients (9.6%) of the total cohort. Only
14 patients had a documented platelet count <50x10°/L at
any of the three time points. Of the 101 patients, 52 were
first noted to have platelet count <100x10°/L at baseline, 28
at 1-month and 21 at 3-months. In the thrombocytopenic
group, 76 (75.3%) had thrombocytopenia at only one (of 3)
time point, 15 (14.9%) at two time points, and 10 (9.9%) at
all three time points. The two cohorts were comparable
with respect to demographics, cancer distribution, and as-
signment to treatment arm (Table 1). A higher proportion of
patients in the thrombocytopenic cohort had hematologic
malignancies (21.8% vs. 9.8%; P<0.01).

The estimated cumulative incidences at 180 days of all
bleeding outcomes were higher in the thrombocytopenic
group versus the non-thrombocytopenic group, including
major bleeding (9.0% vs. 4.0%; SHR=2.4; P=0.02), CRNMB
(17.9% vs. 9.6%; SHR=2.0; P=0.01), and major or CRNMB (24.8%
vs. 12.3%; SHR=2.3; P<0.001) (Table 2). However, recurrent
thrombosis were not statistically significantly different be-
tween the two groups. There was no significant difference
between the two groups for death from any cause (21.8% vs.
26.0%; hazard ratio [HR]=0.9; P=0.48) or event-free survival
(65.3% vs. 68.6%; HR=0.87; P=0.44) (Table 2).

Within the thrombocytopenic group, there were 33 pa-
tients with GI malignancies and 78 patients with non-Gl
malignancies. The thrombocytopenic group patients with
non-Gl malignancies experienced similar rates of major
bleeding at 180 days (5.5 vs. 12.1; P=0.30) and CRNMB (22.5
vs. 16.5; P=0.48) for those assigned to edoxaban compared
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Table 1. Demographic and clinical characteristics of the patients at baseline by thrombocytopenia.

Non-thrombocytopenic group Thrombocytopenic group
Characteristics Plt ct >100x10°/L Plt ct =100x10°/L
N=944 N=101
Age in years, mean + SD 64.1+11.2 63.0+12.8
Male sex, N (%) 479 (50.7) 60 (59.4)
CRCL of 30-50 mL/min, N (%) 68 (7.2) 4 (4.0)
Met crltgrla to rgcelve low dose of edoxaban based on CrCl, weight 222 (23.5) 17 (16.8)
or drug interaction, N (%)
Qualifying diagnosis of venous thromboembolism, N (%)
PE with or without DVT 600 (63.6) 57 (56.4)
DVT only 344 (36.4) 44 (43.6)
Symptomatic DVT or PE 638 (67.6) 67 (66.3)
Incidental DVT or PE 306 (32.4) 34 (33.7)
Cancer site, N (%)
Brain 17 (1.8) 4 (4.0)
Breast 122 (12.9) 5 (5.0)
Gastrointestinal 283 (29.4) 31 (30.7)
Genitourinary 133 (13.7) 12 (11.9)
Gynecological 102 (10.5) 11 (10.9)
Head and Neck 22 (2.3) 1(1.0)
Hematologic 92 (9.5) 22 (21.2)
Lung 146 (15.1) 10 (9.6)
Neuroendocrine tumor 4 (0.4) 1(1.0)
Skin 15 (1.6) 2 (2.0)
Sarcoma 21 (2.2) 2 (2.0)
Other 11 (1.2) 3 (3.0)
Hematological Malignancy, N (%)
Lymphoid 44 (4.7) 7 (6.9)
Multiple myeloma 32 (3.4) 7 (6.9)
Myeloid 2(0.2) 3 (3.0)
Other 14 (1.5) 5(4.9)
Tumor stage at study entry, N (%)
I 29 (3.1) 2 (2.0)
Il 46 (4.9) 4 (4.0)
1] 77 (8.2) 9 (8.9)
v 288 (30.5) 27 (26.7)
Other 185 (19.6) 20 (19.8)
Hematological malignancies complete remission, N (%)
Yes 7 (0.7) 3 (3.0)
No 80 (8.5) 17 (16.8)
Unknown 10 (1.1) 1(1.0)
Metastatic cancer, N (%) 507 (53.7) 46 (45.5)
Recurrent cancer, N (%) 284 (30.1) 30 (29.7)
Cancer treatment within previous 4 weeks, N (%) 674 (71.4) 83 (82.2)
Previous venous thromboembolism, N (%) 103 (10.9) 9 (8.9)
Frequency of thrombocytopenia, Plt ct <100x10%/L, N (%)
At only 1 time point N/A 76 (75.3)
At 2 time points 15 (14.9)
At all 3 time points 10 (9.9)
Assigned anticoagulant, N (%)
Dalteparin 471 (49.9) 53 (52.5)
Edoxaban 473 (50.1) 48 (47.5)

Criteria to dose-reduce edoxaban include body weight <60 kg, creatinine clearance (CrCL) between 30 and 50 mL/minute inclusive, or con-
comitant use of P-glycoprotein (P-gp) inhibitors. Plt ct: platelet count; SD: standard deviation; DVT: deep vein thrombosis; PE: pulmonary
embolism.
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to dalteparin (Table 3). Of thrombocytopenic patients with
Gl malignancies, edoxaban was associated with higher rates
of major hemorrhage (16.8 vs. 0; P<0.01) and CRNMB (25.8
vs. 0; P<0.01). These findings are consistent with previous
observations of increased risk of hemorrhage with edoxaban
compared with dalteparin in patients with GI malignan-
cies.? In the thrombocytopenic cohort, 22 patients (21.8%)
had underlying hematologic malignancies and experienced
higher rates of major bleeding with dalteparin compared to
edoxaban (19.0% vs. 0; P<0.01).

Discussion

In this post hoc analysis of the Hokusai VTE Cancer Study,
thrombocytopenia was associated with a significantly in-

Table 2. Cumulative incidence of clinical outcomes at 180 days.

Non-thrombocytopenic
group, CIF (95% CI)
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creased risk of hemorrhage with an approximate doubling
of major bleeding risk during the first 6 months after an-
ticoagulation. To our knowledge this is the first analysis
of a prospective, randomized trial dataset to evaluate the
subgroup of patients with cancer-associated thrombosis
and thrombocytopenia.

Thrombocytopenia, thrombosis, and bleeding are com-
mon complications in patients with active malignancy.
Thrombocytopenia can result from underlying malignancy
(commonly seen in hematologic malignancies) or emerge
as a consequence of cancer-directed systemic therapies.®
In this randomized controlled study we found that throm-
bocytopenia was present in approximately one-tenth of
enrolled patients with active malignancy and thrombosis.
While this represents a clinically significant proportion,
real-world evidence suggests this is an underestimation

Thrombocytopenic

group, CIF (95% CI) Sub-distribution

Outcomes Plt ct >100x10°/L Plt ct S100x10°/L ha;as':; :;tm P
N=944 N=101 (95% 1)

Bleeding outcomes
Major bleeding 4.0 (2.9-5.4) 9.0 (56.1-15.9) 2.4 (1.19-5.06) 0.02
Clinically relevant nonmajor bleeding 9.6 (8.0-11.5) 17.9 (12.3-26.1) 2.0 (1.21-3.32) 0.007
Major or clinically relevant nonmajor bleeding 12.3 (10.5-14.3) 24.8 (17.3-35.5) 2.3 (1.47-3.48) <0.001

Thrombosis outcomes
Recurrent venous thromboembolism 7.4 (5.8-9.4) 9.8 (5.5-17.4) 1.3 (0.70-2.60) 0.37
Recurrent deep-vein thrombosis 3.5 (2.6-4.8) 6.9 (3.6-13.2) 2.0 (0.90-4.62) 0.09
Recurrent pulmonary embolism 4.6 (3.6-5.9) 3.0 (1.1-8.0) 0.6 (0.20-2.03) 0.44

CIF: cumulative incidence function; Cl: confidence interval; Plt ct: platelet count.

Table 3. Cumulative incidence function (in percentage) of bleeding in thrombocytopenic group, by treatment drug and cancer type.

Cumulative incidence function at 180 days (95% CI)

Platelet Major bleeding CRNMB Major bleeding + CRNMB
count P P
Edoxaban Dalteparin Edoxaban Dalteparin Edoxaban Dalteparin
All patients; Edoxaban N=48, Dalteparin N=53
8.3 9.6 23.6 13.4 29.9 20.9
9
<100x10°L - (34003)  (4.7-19.6) 080 (144387) (6.6-27.4) 016 (20.0-447) (127-346) 0%
Patients with Gl malignancies; Edoxaban N=12, Dalteparin N=11
16.8 25.8 41.8
©
<100x10°%/L (4.4-63.9) 0.0 <0.01 (9.7-68.8) 0.0 <0.01 (22.0-79.6) 0.0 <0.01
Patients with non-Gl malignancies; Edoxaban N=36, Dalteparin N=42
12.1 22.5 16.5 25.6 25.7
© =
<100x10%L 55(16194) (56 2580 030  (123411) g6317) %% (139472 (158-419) 9
Patients with hematologic malignancies; Edoxaban N=12, Dalteparin N=10
19.0 8.3 9.5 8.3 28.5
9
=100x10°L 0.0 (5469 20 (13855 (17544 071 (13543) (101-799) 30
Patients with non-hematologic malignancies; Edoxaban N=36, Dalteparin N=43
11.1 7.1 28.8 14.4 37.1 19.0
9
<100X10°L 4 4085) (252020 %% (17.7469) (66314 %1% (241572 (110328 007

CRNMB: clinically relevant non-major bleeding; Gl: gastrointestinal.
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of co-occurrence of thrombocytopenia in cancer patients
with acute VTE.” A recent study found the prevalence of
thrombocytopenia (platelet count <100x10°/L) in CAT to be
in 22% with solid tumors diagnoses and 47% with hema-
tologic malignancies. We attribute the difference to the
inherent nature of strict inclusion criteria in a prospective
randomized controlled trial (i.e., patients with platelet count
<50x10°%/L were excluded on enrollment).

Patients with malignancies that receive anticoagulation have
up to a 2-fold increased risk of major bleeding compared
with anticoagulated patients without cancer.®2?? Data on the
estimates of bleeding in patients with cancer thrombosis
and thrombocytopenia are quite limited. A systematic re-
view identified only two retrospective cohort studies with
cancer-associated thrombosis and thrombocytopenia. In
a study of 128 patients with hematologic malignancies
that were diagnosed with acute thrombosis the 6-month
cumulative incidence rates of hemorrhage were 6.5 (95%
confidence interval [CI]: 2.2-19.5) in patients with significant
thrombocytopenia (<50 K/uL) versus 1.3 (95% ClI: 0.2-8.9)
for those without” In a recent multicenter prospective
study in the US that enrolled 121 patients with acute CAT
and platelet count <100x10°/L at time of thrombosis, 19%
of patients had major bleeding in the first 60 days (95%
Cl: 13-27). Notably, this trial enrolled only a minority of
patients with solid tumors (N=36, 30%)?® In this post hoc
analysis of a randomized controlled trial we found that in
patients with predominantly mild thrombocytopenia, one-
fourth of the patients developed clinically relevant bleed-
ing (major bleeding or CRNMB) in the first 6 months after
anticoagulation and the 180-day cumulative incidence of
major bleeding was 8.9. This study represents the largest
published cohort describing outcomes in patients with
predominantly solid tumor diagnosis. These data highlight
the importance of recognizing that even mild thrombocy-
topenia is a risk factor for major bleeding.

The safety of DOAC in patients with thrombocytopenia is
largely unknown. In the TROVE study, three of 16 patients
with CAT and thrombocytopenia treated with DOAC devel-
oped CRNMB (cumulative incidence of 20%; 95% Cl: 0-40).%
According to the treatment protocol in the current study,
edoxaban dosing was not held or dose adjusted during
periods of thrombocytopenia. Similar to the overall study
findings, increased risk of hemorrhage was associated with
edoxaban compared with dalteparin in patients with Gl ma-
lignancies.?’ When considering major bleeding, the difference
between thrombocytopenic patients with Gl cancers on the
edoxaban arm versus the dalteparin arm is greater (16.8 vs.
0; P<0.01). This suggests that the bleeding signal previously
seen in Gl cancers was influenced by the thrombocytope-
nic population. In contrast, we found that in patients with
thrombocytopenia with underlying hematologic malignancies
experienced significantly higher rates of major bleeding with
dalteparin compared to edoxaban (19.0% vs. 0; P<0.01). There
remains a need to conduct prospective, randomized trials
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to address the safety and efficacy of direct oral anticoagu-
lants in these high-risk groups to generate quality evidence
to guide clinicians.

Venous thromboembolism is associated with increased
morbidity and mortality in cancer patients.>?* The risk of
recurrent VTE after a primary thrombotic event has been
shown to be three to four times that of thrombosis in
patients without cancer.”® In this study we demonstrate
that although patients with thrombocytopenia had higher
bleeding rates, the rate of recurrent thrombosis was not
different compared to patients with platelets >100x10°/L.
This supports the growing evidence that thrombocytopenia
is not protective for recurrent thrombosis in patients with
active malignancy.?®?" Thus, the risk of hemorrhage needs
to be balanced with a persistent risk of recurrent VTE when
providers need to plan anticoagulation in this population.
This study provides valuable insights by comparing bleeding
and thrombosis rates in patients with cancer thrombosis
with concomitant thrombocytopenia. The dataset is from a
randomized controlled trial and thus leverages on strengths
such as a prospective design, blinded validation of clinical
outcomes and minimal attrition. However, we acknowledge
that post hoc subgroup analyses of even high quality data
has inherent limitations.?® Patients enrolled in clinical trials
are often not representative of real-world scenarios.?* The
HOKUSAI Cancer VTE study (as other similar trials) excluded
patients with more severe thrombocytopenia at enrollment
trial limiting our ability to study effects of more severe throm-
bocytopenia. This subgroup study had relatively few patients
with thrombocytopenia (N=101). While rates of bleeding
appear to be similar in the non-Gl populations, we cannot
conclude that outcomes are the same for DOAC versus low
molecular weight heparin. In these analyses thrombocyto-
penia was defined based on the three earliest time points,
however platelet counts in oncology populations are labile
and thus we acknowledge these time points may not be
reflective of platelet counts over the 180 days of the study
period. Approximately half of cases were of mild-to-mod-
erate thrombocytopenia in this study with platelet countin
the 50-100x10°/L range, and outcomes relative to severity of
thrombocytopenia were not assessed due to limited sample
sizes, and thus we are unable to make any conclusions on
the safety of edoxaban in severe thrombocytopenia. These
analyses were not prespecified, and patients in the two
arms were not stratified by platelet count which should be
recognized when evaluating the findings and the highlights
the need for further prospective validation.

In conclusion, these post hoc analyses demonstrated that
even mild thrombocytopenia was associated with a 2-fold
risk of major bleeding. However, as consistent with prior
retrospective studies, there was no concomitant decrease
in recurrent thrombosis in cancer patients with thrombo-
cytopenia. Thrombocytopenia is a frequent complication
in patients with cancer and can have significant impact on
outcomes of anticoagulation.
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