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Background: The ONCO DVT study demonstrated potential benefits of extended edoxaban treatment in patients with isolated
distal deep vein thrombosis in terms of thrombotic risk. However, the risk-benefit balance in patients with anemia remains unclear.

Methods and Results: This prespecified subgroup analysis included 601 patients, divided into anemia (n=402) and no-anemia (n=199)
groups. The primary endpoint was symptomatic recurrent venous thromboembolism (VTE) or VTE-related death. Anemia was defined
as hemoglobin <12g/dL for women and <13 g/dL for men. In the anemia subgroup, the primary endpoint occurred in 3 (1.5%) and
17 (8.4%) patients in the 12- and 3-month edoxaban treatment groups, respectively (odds ratio [OR] 0.17; 95% confidence interval
[CI1] 0.05-0.58), compared with 0 and 5 (4.9%) patients, respectively, in the no-anemia subgroup (P interaction=0.997). Major bleeding
occurred in 26 (13.1%) and 17 (8.4%) patients with anemia in the 12- and 3-month edoxaban treatment groups, respectively (OR 1.64;
95% CI1 0.86—-3.14), compared with 2 (2.1%) and 5 (4.9%) patients without anemia (OR 0.67; 95% CI 0.26—1.73; P interaction=0.13).

Conclusions: Regardless of the presence of anemia, edoxaban treatment for 12 months was superior to treatment for 3 months in
reducing thrombotic events, whereas the risk of major bleeding did not differ significantly between the 2 treatment groups.
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deep vein thrombosis (DVT) and pulmonary
embolism (PE), is a major complication in cancer
patients. The risk of VTE in patients with cancer has been
reported as being 4- to 7-fold higher than in the general
population without cancer.! Furthermore, VTE is one of
the common causes of death in this population.? Current

Venous thromboembolism (VTE), which includes

guidelines recommend that patients with cancer-associated
VTE should receive prolonged anticoagulation therapy to
prevent recurrent VTE.35 However, the therapeutic strate-
gies for isolated distal DVT, which is frequently detected
in cancer patients, remain largely unexplored.® Recently,
the ONCO DVT study, a randomized clinical trial, dem-
onstrated that long-term edoxaban treatment resulted in a
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significantly lower risk of VTE recurrence in patients with
cancer and isolated distal DVT compared with short-term
edoxaban treatment, suggesting the potential benefit of
long-term anticoagulation therapy for these patients.”

Bleeding makes long-term anticoagulation therapy chal-
lenging. Several risk factors for bleeding during anticoagu-
lant therapy, including anemia, high creatinine levels, a
history of bleeding, abnormal renal or liver function, and
advanced age, have been identified or validated in patients
with VTE.312 Of these factors, anemia is a common char-
acteristic in patients with cancer-associated VTE receiving
anticoagulant therapy and is associated with a high risk of
bleeding complications and death.!34 The therapeutic
dilemma between the risk of thrombus and bleeding in
patients with cancer and anemia hinders determination of
the best treatment algorithm. Accordingly, we conducted
a prespecified subgroup analysis of the ONCO DVT study
to investigate the safety and efficacy of 12- vs. 3-month
edoxaban treatment in patients with cancer-associated iso-
lated distal DVT and anemia.

Methods

Study Design

The ONCO DVT study was an investigator-initiated mul-
ticenter open-label adjudicator-blinded superiority ran-
domized clinical trial conducted at 60 institutions in Japan
(Supplementary Appendix 1). It was designed to compare
12- and 3-month edoxaban treatment regimens in patients
with cancer and isolated distal DVT. The trial details have
been described elsewhere.” Briefly, patients with active cancer
and newly diagnosed with isolated distal DVT were ran-
domly assigned in a 1:1 ratio to either the 12- or 3-month
edoxaban treatment groups. The trial received approval
from the Certified Review Board of Kyoto University and
the institutional review boards of all participating institu-
tions (Supplementary Appendix 2), and was conducted in
compliance with the Declaration of Helsinki and the Clin-
ical Trials Act of Japan.

Study Population

Patients with active cancer and isolated DVT were eligible
for inclusion in the study. Key exclusion criteria were anti-
coagulation therapy at the time of diagnosis, a contraindi-
cation for edoxaban, PE, and a life prognosis of <3 months
as determined by the treating physicians.

Following the diagnosis of DVT, edoxaban was admin-
istered orally at a fixed dose of 60mg once daily. For
patients with a creatinine clearance of 30-50mL/min, a
body weight of <60kg, or receiving concomitant treatment

with potent P-glycoprotein inhibitors, a lower dose of
edoxaban (30 mg once daily) was administered.

Definitions

Active cancer was defined as cancer meeting 1 of the fol-
lowing criteria: newly diagnosed within 6 months of ran-
domization; cancer treatment (surgery, chemotherapy,
radiotherapy) performed within 6 months of randomization;
currently receiving cancer treatment (surgery, chemother-
apy, radiotherapy); has recurrence, local invasion, or dis-
tant metastases; and hematopoietic malignancy in patients
who have not achieved complete remission. Isolated distal
DVT was newly diagnosed by whole-leg ultrasound.!s
Anemia was diagnosed based on baseline hemoglobin val-
ues and was defined as hemoglobin <12g/dL in women
and <13 g/dL in men.!¢ Other definitions are provided in
Supplementary Appendix 3.

Clinical Endpoints

The primary and major secondary endpoints of this study
were consistent with those used in the main analysis. The
primary endpoint was a composite of symptomatic recur-
rent VTE or VTE-related death at 12 months. Symptom-
atic recurrent VTE was defined as new or newly worsening
PE or DVT symptoms, and new thrombi found on imag-
ing tests, or thrombi that had worsened over time com-
pared with the most recent image. Symptomatic VTE
recurrence was not determined solely on the basis of the
appearance or worsening of thrombus images on imaging
without new or worsening symptoms. Similarly, if a patient
had a thrombus in an index vein with new symptoms, it
was not considered as symptomatic recurrent VTE unless
thrombus extension was present. VTE-related death was
diagnosed at autopsy, following clinically severe PE or
death unexplained by something other than PE. The major
secondary endpoint was major bleeding events after 12
months of treatment. Major bleeding was defined according
to the International Society on Thrombosis and Haemostasis
(ISTH) criteria and included fatal bleeding, symptomatic
bleeding in a critical area or organ, and bleeding leading to
a reduction in hemoglobin levels >2g/dL or requiring
transfusions of 22 units of whole blood or red cells.!”

In addition, we assessed all-cause death and all clinically
relevant bleeding, including major bleeding and non-major
bleeding. Clinically relevant non-major bleeding was defined
as clinically overt bleeding (including bleeds detected only
using imaging) not meeting the criteria for major bleeding
yet leading to 21 of the following: physician-guided medi-
cal intervention, hospital admission or further treatment
for bleeding, or in-person medical examination by a physi-
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Study flowchart

605 active cancer patients with newly diagnosed isolated distal
deep vein thrombosis were assessed for eligibility and signed
the consent form between April 2019 and June 2022 at 60
institutions in Japan

1 withdrew consent

before the randomization
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601 were included in the current study
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Figure 1.

Study flowchart.

cian. Persistent edoxaban discontinuation was defined as
the discontinuation of edoxaban according to the study
protocol or lasting for more than 14 days for any reason.
All patients were assessed for these clinical endpoints after
12 months of treatment.

Statistical Analysis

Categorical variables are presented as numbers and per-
centages. Continuous variables are presented as the
mean+SD or as the median with interquartile range (IQR)
according to their distribution. Categorical variables were
compared using the Chi-squared test or Fisher’s exact test.
Continuous variables were compared using Student’s t-test
or the Wilcoxon rank-sum test according to their distribu-
tion. Cumulative incidence was estimated using the
Kaplan-Meier method, and differences between the 12-
and 3-month edoxaban treatment groups were compared
using the log-rank test. We also calculated odds ratios
(OR) with corresponding 95% confidence intervals (CI) for
the 12-month edoxaban treatment group relative to the
3-month edoxaban treatment group using logistic regres-
sion models. Differences in the effects of 12- relative to
3-month edoxaban treatment regimens were evaluated
according to the subgroups using interaction terms in the
models. P values are 2-tailed, and statistical significance
was set at P<0.05. Data were analyzed using SPSS version
29.0.1.0 (IBM SPSS, Inc., Chicago, IL, USA).

Results

Patient Enroliment and Characteristics

From April 2019 to June 2022, 604 patients were random-
ized. After excluding 3 patients who withdrew consent
during follow-up, the present analysis included 601

patients. There were 402 (66.9%) and 199 (33.1%) patients
with and without anemia, respectively, in the study cohort
(Figure 1). Patients with anemia had a lower body mass
index (21.943.7 vs. 23.744.5kg/m?; P<0.001) and higher
platelet levels (25.8+12.7 vs. 23.6£7.2 x103/uL; P=0.007)
than those without anemia (Table). Patients with anemia
more frequently received the lower dose of edoxaban of
30mg (78.4% vs. 67.8%; P=0.007). The types of cancer are
presented in Supplementary Table 1. Baseline patient char-
acteristics and the types of cancer were well balanced
between the 3- and 12-month edoxaban treatment groups in
both the anemia and no-anemia subgroups (Supplementary
Table 2).

Edoxaban Treatment

In the anemia subgroup, the median duration of edoxaban
treatment in the 12- and 3-month treatment groups was
312 and 91 days, respectively. The cumulative 120-day
incidence of persistent edoxaban discontinuation was
28.1% in the 12-month treatment group and 88.7% in the
3-month treatment group (Figure 2). In the no-anemia sub-
group, the median duration of edoxaban treatment in the
12- and 3-month treatment groups was 365 and 95 days,
respectively. The cumulative 120-day incidence of persis-
tent edoxaban discontinuation was 15.5% in the 12-month
treatment group and 84.3% in the 3-month treatment group.

Primary Endpoint

In the anemia subgroup, the primary endpoint of symp-
tomatic recurrent VTE or VTE-related death occurred in
3 of 199 (1.5%) patients in the 12-month edoxaban treat-
ment group, and in 17 of 203 (8.4%) patients in the
3-month edoxaban treatment group (OR 0.17; 95% CI
0.05-0.58). In the no-anemia subgroup, the primary end-
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Table. Patient Characteristics
Anemia subgroup
(n=402)
Female sex 286 (71.1)
Age (years) 73 [66-78]
Body mass index (kg/m?) 21.9+3.7
Dose of edoxaban
30mg 315 (78.4)
60mg 87 (21.6)
History of VTE 23 (5.7)
Cancer status
Metastatic 106 (26.4)
ECOG performance status
0 180 (44.8)
1 136 (33.8)
>2 86 (21.4)
History and comorbidities
Atrial fibrillation 7(1.7)
History of stroke 19 (4.7)
Hypertension 184 (45.8)
Diabetes 66 (16.4)
CKD 66 (16.4)
Hemoglobin (g/dL) 10.2+1.3
Platelets (x103/uL) 25.8+12.7
Creatinine (mg/dL) 0.73+0.23
eGFR (mL/min/1.73m?2) 71.9+23.1
AST (IU/L) 21.5[17.0-29.0]
ALT (IU/L) 16.0 [11.0-26.0]
ALP (IU/L) 190.0 [97.0-267.3]
Medication
Antiplatelet drugs 31(7.7)
NSAIDs 84 (20.9)
PPI 144 (35.8)
Hz blocker 25 (6.2)

No ane(r:'.mi:a1 ;;)bgroup P value
148 (74.4) 0.44
72 [64-77] 0.08
23.7+4.5 <0.001
135 (67.8)
0.007
64 (32.2)
10 (5.0) 0.85
41 (20.6) 0.13
131 (65.8)
45 (22.6) <0.001
23 (11.6)
2(1.0) 0.73
8 (4.0) 0.84
78 (39.7) 0.16
35 (17.6) 0.73
25 (12.6) 0.23
13.4+0.9 <0.001
23.6+7.2 0.007
0.73+0.20 0.94
68.7+15.5 0.08
22.0[18.0-27.0] 0.23
18.0 [13.0-25.0] 0.94
168.0 [92.5-238.0] 0.12
17 (8.5) 0.75
29 (14.6) 0.08
60 (30.2) 0.17
9 (4.5) 0.46

Unless indicated otherwise, data are presented as the mean+SD, median [interquartile range], or n (%). ALP, alka-
line phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CKD, chronic kidney disease;
ECOG, Eastern Cooperative Oncology Group; eGFR, estimated glomerular filtration rate; NSAIDs, non-steroidal
anti-inflammatory drugs; PPI, proton pump inhibitor; VTE, venous thromboembolism.

point occurred in 5 of 102 (4.9%) patients in the 3-month
edoxaban treatment group; there were no events in the
12-month edoxaban treatment group. There were no VTE-
related deaths in either group. The cumulative incidence of
the primary endpoint was lower in the 12- than 3-month
edoxaban treatment group in both the anemia (log-rank
P<0.001) and no-anemia (P=0.02) subgroups (Figure 3).
No significant interaction was found between the sub-
groups and the effect of 12-month edoxaban treatment
relative to 3-month edoxaban treatment on the primary
endpoint (P=0.997; Figure 4).

Major Secondary Endpoint

In the anemia subgroup, the major secondary endpoint of
major bleeding occurred in 26 of 199 (13.1%) patients in
the 12-month edoxaban group and in 17 of 203 (8.4%)
patients in the 3-month edoxaban group (OR 1.64; 95% CI
0.86-3.14; Figure 5). In the no-anemia subgroup, the major
secondary endpoint occurred in 2 of 97 (2.1%) patients in
the 12-month edoxaban group and in 5 of 102 (4.9%)
patients in the 3-month edoxaban group (OR 0.67; 95% CI

0.26-1.73). The cumulative incidence of major secondary
endpoints did not differ significantly between the 3- and
12-month edoxaban treatment groups in either the anemia
(log-rank P=0.14) or the no-anemia (log-rank P=0.27) sub-
group. No significant interaction was found between the
subgroups and the effect of 12-month edoxaban treatment
relative to 3-month edoxaban treatment on the major sec-
ondary endpoint (P=0.13; Figure 4). The sites of major
bleeding are presented in Supplementary Table 3. The com-
mon sites of bleeding were the upper and lower gastroin-
testinal tract.

Other Secondary Endpoints

In the anemia subgroup, the cumulative incidence of all
clinically relevant bleeding was higher in the 12-month
edoxaban treatment group than in the 3-month edoxaban
treatment group (log-rank P=0.04), whereas in the no-
anemia subgroup the cumulative incidence of all clinically
relevant bleeding did not differ significantly between the 2
groups (log-rank P=0.39; Supplementary Figure 1). However,
there was no significant interaction between the subgroups
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Edoxaban discontinuation
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Figure 2. Kaplan-Meier (time-to-event) curves for persistent edoxaban discontinuation comparing 12- and 3-month edoxaban
treatment groups in subgroups stratified by anemia status in the 1 year after venous thromboembolism diagnosis. Persistent
edoxaban discontinuation was defined as discontinuation of edoxaban according to the study protocol or lasting for more than 14
days for any reason.
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Figure 3. Kaplan-Meier (time-to-event) curves for the primary endpoint comparing the 12- and 3-month edoxaban treatment
groups in subgroups stratified by anemia status in the 1 year after deep vein thrombosis diagnosis. The primary endpoint was
symptomatic recurrent venous thromboembolism or venous thromboembolism-related death.
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Number of patients with event/ Number of patients at risk
(Cumulative 1-year incidence)
12-month 3-month Odds ratio P for Interactior
edoxaban edoxaban (95%Cl)
(n=296) (n=305)
Primary endpoint
A 3/199 17/203 0.17
(1.5%) (8.4%) (0.05-0.58) *
0.997
No ameni 0/97 5/102 0
0 amenia (0%) (4.5%)
Major secondary endpoint
Anemi 26/199 17/203 1.64
nemia (13.1%) (8.4%) (0.86-3.14)
0.13
No amenia 2197 5/102 0.41
(2.1%) (4.9%) (0.08-2.16)
All clinically relevant bleeding
Anemi 45/199 29/203 1.75
nemia (22.6%) (14.3%)  (1.05-2.93)
0.08
N ) 8/97 12/102 0.67
0 amenia (8.3%) (11.8%)  (0.26-1.73)
All-cause death
Anemia 55/199 59/203 0.93
(27.6%) (29.1%) (0.60-1.44) *
0.34
No amenia 1/97 18/102 0.60
(11.3%) (17.7%) (0.27-1.34) *
0 0.5 1 1.5 2 25 3 35
12-month 3-month
edoxaban better edoxaban better
Figure 4. Forest plots for each endpoint. Odds ratios for each endpoint in the 2 groups are provided for the anemia and no ane-
mia subgroups. Cl, confidence interval.

and the effect of 12-month edoxaban treatment relative to
3-month edoxaban treatment on all clinically relevant
bleeding (P=0.08; Figure 4). The cumulative incidence of
all-cause death did not differ significantly between the 2
treatment groups in either the anemia (log-rank P=0.80) or
no-anemia (log-rank P=0.22) subgroup (Supplementary
Figure 2). There was no significant interaction between the
subgroups and the effect of 12-month edoxaban treatment
relative to 3-month edoxaban treatment on all-cause death
(P=0.34; Figure 4).

Discussion

The major findings of this prespecified subgroup analysis
of the ONCO DVT study are as follows: (1) 12-month
edoxaban treatment is superior to 3-month edoxaban
treatment in terms of symptomatic recurrent VTE, regard-
less of the presence of anemia; (2) there was no statistically
significant difference in the risk of major bleeding between
the 3- and 12-month treatment groups in patients with and
without anemia; (3) the risk of all clinically relevant bleed-
ing was significantly higher in the 12-month treatment
group than in the 3-month treatment group in patients
with, but not without, anemia.

Anemia and the Risk of Recurrent VTE in Patients With
Cancer
As Virchow postulated, the risk of VTE is primarily related

to hypercoagulability, altered blood flow, or endothelial
vascular lesions.!® In patients with cancer, the underlying
mechanisms of thrombus formation, including activation
of the coagulation system, dysregulation of fibrinolytic
systems, inflammation, and cytokine production, result in
a high prevalence of VTE.! Previous studies have reported
that cancer-associated VTE is associated with multiple
clinical risk factors, including cancer status (cancer site,
stage, and time since cancer diagnosis), therapeutic factors
(chemotherapy, hormonal therapy, erythropoiesis-stimu-
lating agents, and blood transfusions), and patient-related
factors (age, ethnicity, history or family history of VTE,
and comorbidities).20 Among these potential risk factors,
anemia, which is a common comorbidity in patients with
cancer, has not been considered as a risk factor for VTE.2!
In addition, several previous studies using registry data of
VTE patients suggested that the risk of recurrent VTE was
similar between patients with and without anemia.!34 The
present study showed that long-term anticoagulant ther-
apy was superior in terms of preventing VTE recurrence,
regardless of the presence of anemia.

Anemia and the Risk of Bleeding in Patients With Cancer

Cancer is well known as a risk factor for bleeding in patients
with VTE, and several risk prediction models include can-
cer as an independent predictor for major bleeding.2? A
recent large observational study of VTE in the direct oral
anticoagulants (DOAC) era also reported that patients
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Major secondary endpoint
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a transfusion of 22 units of whole blood or red cells.

Figure 5. Kaplan-Meier (time-to-event) curves for the major secondary endpoint (major bleeding) comparing the 12- and 3-month
edoxaban treatment groups in subgroups stratified by anemia status in the 1 year after deep vein thrombosis diagnosis. Major
bleeding was defined according to the International Society on Thrombosis and Haemostasis criteria, comprising fatal bleeding,
symptomatic bleeding in a critical area or organ, and bleeding causing a reduction in hemoglobin levels >2 g/dL or necessitating

with active cancer had a considerably higher risk of major
bleeding than those without cancer, whereby the cumula-
tive incidence of major bleeding in patients with active
cancer was reported to be 6.8% at 90 days, 11.5% at 1 year,
and 20.4% at 3 years.?? The higher risk of bleeding may be
explained by cancer-related thrombocytopenia, dissemi-
nated intravascular coagulation, and elaboration of fibri-
nolytic factors by tumor cells.?* Furthermore, DOACs
could have significant drug-drug interactions, particularly
with inducers and inhibitors of cytochrome P450 3A4 and
P-glycoprotein, and inappropriate drug management may
have a certain impact on bleeding risk.?5-26

Anemia is also a well-known risk factor for bleeding in
patients with VTE, and the presence of cancer could
amplify the risk of bleeding in patients with anemia.?”’
Although a previous study demonstrated that DOACs
could be a potential first-line treatment option for patients
with cancer, there have been few data on bleeding risk in
patients with both cancer and anemia.?® Thus, there could
still be considerable uncertainty in the optimal anticoagu-
lation strategies for these patients. The present study
showed that there was no statistically significant difference
in the risk of major bleeding between short- and long-term
anticoagulation therapy, even in patients with anemia.
However, long-term anticoagulation therapy in patients
with anemia was associated with a significantly higher risk
of all clinically relevant bleeding events, which suggests the
importance of careful management of patients at high
bleeding risk.

Study Limitations

The present study has several limitations. First, the open-
label design had the potential to introduce bias, including
ascertainment bias. However, all clinical endpoints were
adjudicated by members of an independent committee who
were blinded to study group assignments. Second, the
adherence to edoxaban treatment was relatively low accord-
ing to the study protocol, especially in patients with anemia.
Some of the patients in the 12-month edoxaban treatment
group discontinued edoxaban prematurely because of
bleeding events or cancer progression. Third, the present
subgroup analysis may have been underpowered, and
should thus be interpreted as exploratory. Fourth, hemo-
globin and medications were only assessed at baseline in
the study. Therefore, it was not possible to conduct an
analysis that considered the course of anemia. Finally, the
present study included patients with various types of can-
cer, and the treatment for cancer was not standardized.
The type of cancer treatment, such as chemotherapy and
surgery, may have influenced the present results.?® The
generalizability of the present results should be considered
carefully.

Conclusions

Twelve-month edoxaban treatment was superior to 3-month
edoxaban treatment in reducing thrombotic events regard-
less of the presence of anemia, whereas the risk of major
bleeding was not significantly different between the 2 treat-
ment groups, regardless of the presence of anemia.
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