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Polycythemia vera (PV) is associated with increased risk of thrombo-
sis and hemorrhage. Aspirin, recommended for primary thrombo-
prophylaxis, is often combined with anticoagulants during manage-

ment of acute thrombotic events. The safety of dual antiplatelet and 
anticoagulant therapy is not established in PV. In a prospective, observa-
tional study, 2,510 patients with PV were enrolled at 227 sites in the 
United States. Patients were monitored for the development of hemor-
rhage and thrombosis after enrollment. A total of 1,602 patients with PV 
received aspirin with median follow-up of 2.4  years (range, 0-3.6 years). 
The exposure-adjusted rate of all hemorrhages in patients receiving 
aspirin alone was 1.40 per 100 patient-years (95% confidence interval 
[CI]: 0.99-1.82). The combination of aspirin plus anticoagulant was asso-
ciated with an incidence of hemorrhage of 6.75 per 100 patient-years 
(95% CI: 3.04-10.46). The risk of hemorrhage was significantly greater in 
patients receiving the combination of aspirin and anticoagulant com-
pared with aspirin alone (total hemorrhages, hazard ratio [HR]: 5.83; 
95% CI: 3.36-10.11; P<0.001; severe hemorrhage, HR: 7.49; 95% CI: 
3.02-18.62; P<0.001). Periods of thrombocytosis (>600×109/L) were asso-
ciated with an increased risk of hemorrhage (HR: 2.25; 95% CI: 1.16-
4.38; P=0.02). Rates of hemorrhage were similar for aspirin in combina-
tion with warfarin or direct-acting oral anticoagulants. We conclude that 
the combination of aspirin and anticoagulants is associated with signifi-
cantly increased risk of hemorrhage in patients with PV (clinicaltrials 
gov. Identifier: NCT02252159). 
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ABSTRACT

Introduction 

Polycythemia vera (PV) is a myeloproliferative neoplasm (MPN) usually involving 
a mutation of the Janus kinase 2 gene and characterized phenotypically by an 
increased risk of thrombosis and hemorrhage.1 Low-dose aspirin effectively reduces 
the rate of arterial and venous thrombosis and is recommended for primary throm-
boprophylaxis in patients diagnosed with PV.2,3 Despite the administration of 
antiplatelet and cytoreductive therapy, approximately 25% of patients with PV ulti-
mately develop thrombotic complications.4 The optimal approach to the manage-
ment of thrombosis in patients with MPN is undefined. Anticoagulation is recom-
mended for the acute treatment of thrombosis3 but is associated with a recurrent 
thrombosis incidence of 5-6 events per 100 patient-years5,6 and major hemorrhage 
incidence of 1-3 events per 100 patient-years.5-7 Due to the high rates of recurrent 
thrombotic events, aspirin is often continued along with therapeutic anticoagulation, 
but the relative safety of combined anticoagulant-antiplatelet therapy is not estab-
lished. We evaluated the rates of hemorrhage among patients with PV receiving anti-
coagulation with or without aspirin who were enrolled in a multicenter, prospective, 
observational study. 



Methods  

Study design 
REVEAL is a multicenter, non-interventional, prospective, 

observational study of patients with PV (clinicaltrials gov. 
Identifier: NCT02252159). Details regarding study design, patient 
eligibility and study conduct were previously described.8 The 
study enrolled 2,510 patients with a diagnosis of PV from 227 sites 
in the United States over a 24-month period (July 22, 2014 to 
August 3, 2016) followed by an observation period up to 3 years 
from the date of last patient enrollment. Eligibility criteria included 
age ≥18 years old and a clinical diagnosis of PV. Patients were 
excluded if they had a life expectancy <6 months; diagnosis of 
myelofibrosis, acute myeloid leukemia or myelodysplastic syn-
drome; underwent (or were planning to undergo) an allogeneic 
transplant; or were status post-splenectomy. Data pertaining to 
PV-directed treatment, concomitant medications, adverse events, 
laboratory values and other relevant clinical measures were col-
lected for at least 6 months before enrollment and during the fol-
low-up period. The study was conducted in accordance with the 
Declaration of Helsinki. Approval of all study materials was 
obtained by a central Institutional Review Board (Sterling IRB, 
Atlanta, GA, USA) and local Institutional Review Boards of partic-
ipating centers. All patients provided written informed consent. 

Bleeding events 
Hemorrhagic events occurring before enrollment were identi-

fied from the patient’s medical history collected at the time of 
enrollment. Hemorrhagic events during the follow-up period were 
determined from prospectively collected adverse events. Post-
enrollment events were graded according to Common 
Terminology Criteria for Adverse Events (CTCAE) version 4.03 by 
treating physicians.9 Grade 3 or 4 hemorrhagic events were classi-
fied as severe hemorrhages. Use of anticoagulant medications and 
aspirin was determined based on concomitant medications data 
collected at baseline and prospectively throughout the study. 
Medication start dates and end dates were used to determine 
whether patients were receiving an anticoagulant concomitantly 
with aspirin. Rivaroxaban, apixaban and dabigatran were com-
bined into a direct-acting oral anticoagulants (DOAC) group. 

Statistical analysis 
In order to assess cumulative incidence rates and exposure-

adjusted event rates, patients were assigned to groups based on 
their treatment at enrollment (aspirin or aspirin plus anticoagu-
lant). If a patient changed their treatment group, then time was 
censored on the last day in the original treatment group. If a 
patient died or discontinued the study, time was censored at date 
of death or discontinuation, respectively. Time was censored at 
the last visit for patients who continued to be enrolled in the study 
without any events. The risk of hemorrhage associated with 
aspirin plus anticoagulant versus aspirin alone was assessed with a 

Cox proportional hazards model adjusting for age, sex, duration of 
PV, history of hemorrhage and platelet count ranges. Platelet 
counts were included in the models as three-level categorical vari-
ables: ≤100×109/L; >100×109/L and ≤600×109/L; >600×109/L based 
on the estimated thresholds for increased hemorrhage in the 
Primary Thrombocythemia study.10 For the time-dependent 
covariate analysis, linear interpolation was used to determine lab-
oratory values at time points between observed values. Missing 
data were not imputed. Observed P-values were assessed at 
a=0.05 level for statistical significance. The P-values were not 
adjusted for multiple tests.  

 
 

Results 

Of the 2,510 enrolled patients, 1,602 patients with PV 
received aspirin and were included in the analysis (Table 1). 
The median time from PV diagnosis to enrollment was 4 
years (range, 0-39.2 years). At the time of enrollment, 103 
patients (6.4%) were receiving the combination of aspirin 
plus anticoagulant and 1,499 patients (93.6%) were receiv-
ing aspirin alone. Median follow-up of patients from enroll-
ment to the time of analysis was 2.4 years (range, 0-3.6 
years).  

Overall incidence of hemorrhage 
Sixty-nine patients developed one or more hemorrhagic 

events after enrollment. The exposure-adjusted rate of all 
hemorrhages was 1.71 per 100 patient-years (95% confi-
dence interval [CI]: 1.27-2.15), and the overall cumulative 
incidence of hemorrhage at 3 years was 4.70% (95% CI: 
3.47-6.15). Among those with hemorrhage, the most com-
mon sites were gastrointestinal (n=30, 43.5%), cutaneous 
(n=19, 27.5%), central nervous system (n=10, 14.5%) and 
genitourinary (n=7, 10.1%). 

Severe hemorrhagic events occurred in 25 patients with 
an exposure-adjusted rate of 0.55 events per 100 patient-
years (95% CI: 0.30-0.80). The most common sites of 
severe hemorrhage were gastrointestinal (n=11, 44%) and 
central nervous system (n=9, 36%). Of those with severe 
hemorrhagic events, there were five fatal events with all but 
one involving a central nervous system bleed. 

Risk of hemorrhage associated with aspirin alone  
or with anticoagulants 

Aspirin alone was associated with 1.4 hemorrhagic 
events per 100 patient-years (95% CI: 0.99-1.82), whereas 
the combination of aspirin with anticoagulation was asso-
ciated with 6.75 hemorrhagic events per 100 patient-years 
(95% CI: 3.04-10.46). The cumulative incidence of hemor-
rhage at 3 years in patients receiving aspirin alone was 
3.6% (95% CI: 2.64-4.84) and 19.8% (95% CI: 9.78-32.45) 
for those receiving aspirin with an anticoagulant as shown 
in Figure 1A. The rate of severe hemorrhage was relatively 
higher among those who received aspirin with an anticoag-
ulant (1.46 events per 100 patient-years; 95% CI: 0-3.21) 
compared with those who received aspirin alone (0.49 
events per 100 patient-years; 95% CI: 0.25-0.74). The 
cumulative incidence rate of severe hemorrhage at 3 years 
was 3.7% (95% CI: 0.96-9.50) for patients who had aspirin 
with an anticoagulant and 1.2% (95% CI: 0.74-2.00) for 
patients who had aspirin alone (Figure 1B).  

In a Cox proportional hazards model, the use of aspirin 
plus anticoagulant was associated with a greater than 5-fold 
increased risk of hemorrhage compared with aspirin alone 
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Table 1. Baseline characteristics. 
 Characteristic                                                                    N=1,602 

 Median (range) age, years                                                           67 (22-95) 
 Women, n (%)                                                                                  734 (45.8) 
 Median (range) disease duration, years                                4.0 (0.0-39.2) 
 History of hypertension, n (%)                                                    916 (57.2) 
 History of hemorrhagic events, n (%)                                        103 (6.4) 
 History of thrombotic events, n (%)                                          300 (18.7) 
     Arterial                                                                                            157 (9.8) 
     Venous                                                                                           164 (10.2) 



(Table 2; hazard ratio [HR]: 5.83; 95% CI: 3.36-10.11; 
P<0.001). The risk of severe hemorrhage was significantly 
increased with the combination of aspirin plus anticoagu-
lant compared with aspirin alone (HR: 7.49; 95% CI: 3.02-
18.62; P<0.001). 

Influence of platelet count on rates of hemorrhage 
In a time-dependent exposure Cox proportional hazards 

model, thrombocytosis was associated with an increased 
risk of total and severe hemorrhages. The cumulative expo-
sure time for platelet count elevation (≥600×109/L) was 
305.5 patient-years, controlled platelet count (100-
600×109/L) was 2,443.7 patient-years and thrombocytope-
nia (below 100×109/L) was 21.7 patient-years. As shown in 
Table 2, thrombocytopenia (platelet count <100×109/L) was 
not statistically associated with an increased risk of hemor-
rhage (HR: 1.72; 95% CI: 0.23-12.71; P=0.60) or severe 
hemorrhage (HR: 5.15; 95% CI: 0.65-40.75; P=0.12) when 
compared with periods when platelet count was between 
100×109/L and 600×109/L. Thrombocytosis was associated 
with an increased risk of any hemorrhage (HR: 2.25; 95% 
CI: 1.16-4.38; P=0.02) but not severe hemorrhage (HR: 1.03; 
95% CI, 0.24-4.52; P=0.97). Periods of modest thrombocy-
tosis (i.e., platelet counts between 400x109/L to 600x109/L) 
were not associated with increased risk of hemorrhage 
compared to periods of platelet counts below 400x109/L 
(HR: 1.10; 95% CI: 0.59-2.05).  

Comparison of aspirin with direct-acting oral anticoag-
ulant or warfarin 

Of the patients who received an anticoagulant, 73 
received warfarin and 72 received a direct-acting oral anti-
coagulant (DOAC). The DOAC group included rivaroxa-
ban (n=50), apixaban (n=31) and dabigatran (n=6). In a 
time-dependent exposure model, the risk of severe hemor-
rhage was significantly greater with warfarin with aspirin 
compared with aspirin alone (Table 2). The risk of severe 
hemorrhage was not statistically different with the use of 
aspirin plus DOACs versus aspirin plus warfarin.  

Incidence of thrombosis 
At the time of enrollment, 300 patients (18.7%) had a his-

tory of thrombosis with 157 arterial events and 164 venous 
thromboembolic events. During the follow-up period, 61 
patients experienced a thrombotic event. A numerically high-
er proportion of patients receiving anticoagulant plus aspirin 
experienced a thrombotic event compared with those who 
were on aspirin alone (Figure 2). The 3-year cumulative inci-
dence of thrombosis (arterial or venous) was 4.8% (95% CI: 
3.57-6.20). In a Cox proportional hazards model with treat-
ment as a two-level, time-dependent covariate (adjusting for 
age, sex, disease duration, history of thrombosis before 
enrollment), the use of aspirin with an anticoagulant was not 
associated with a lower rate of thrombosis compared with 
aspirin alone (HR: 1.97; 95% CI: 0.57-6.78; P=0.28). 
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Table 2. Cox proportional hazard ratios for risk factors contributing to hemorrhage in polycythemia vera. 
 Variable                                                         All hemorrhages                                                                              Severe hemorrhage 
                                                                         HR (95% CI)                              P-value                                              HR (95% CI)                       P-value 

 Models 1 and 2* 
     AC + ASA                                                               5.83 (3.36-10.11)                                 <0.001                                                     7.49 (3.02-18.62)                        <0.001 
 Models 3 and 4* 
     Warfarin + ASA                                                     4.44 (2.06-9.54)                                  <0.001                                                     5.48 (1.81-16.61)                          0.003 
     DOAC + ASA                                                          3.97 (1.65-9.60)                                   0.002                                                       2.23 (0.50-9.96)                            0.29 
     Other anticoagulants + ASA                            9.26 (4.13-20.75)                               <0.0001                                                   3.79 (0.86-16.68)                          0.078 
 Models 5 and 6* 
     Platelet ≤100×109/L                                            1.72 (0.23-12.71)                                    0.60                                                        5.15 (0.65-40.75)                           0.12 
     Platelet >600×109/L                                             2.25 (1.16-4.38)                                    0.02                                                        1.03 (0.24-4.52)                            0.97 
AC: anticoagulant; ASA: aspirin; CI: confidence interval; DOAC: direct-acting oral anticoagulant; HR: hazard ratio. *Models for all hemorrhage and severe hemorrhage were run 
separately, adjusting for variables of age, sex, disease duration and history of bleeding. Models 1 and 2: HR compared with aspirin alone. Models 3 and 4: all HR compared with 
aspirin alone. Models 5 and 6: HR compared with normal platelet range (100-600×109/L). 

Figure 1. Cumulative incidence of hemorrhage in patients with polycythemia vera receiving aspirin with or without anticoagulants. The cumulative incidence of (A) 
any hemorrhage or (B) severe hemorrhage shown for patients receiving aspirin plus anticoagulant (blue) and aspirin alone (green).
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Discussion 

Management of thrombotic events in patients with MPN 
is challenging. Although low-dose aspirin can effectively 
reduce the rate of thrombotic complications in PV, the opti-
mal antithrombotic approach to secondary prevention is 
less clear. There are no randomized studies evaluating dif-
ferent antithrombotic regimens in patients with MPN, and 
recurrent thrombosis is common after initiation of thera-
peutic anticoagulation.5,6 Combined antiplatelet and antico-
agulant therapy is often prescribed in patients with MPN 
without knowledge of hemorrhagic risks. In this large, 
prospective multicenter study, we evaluated whether the 
addition of aspirin to an anticoagulant increased the risk of 
hemorrhage with PV. We observed that the combination of 
anticoagulant with aspirin was associated with a greater 
than seven-fold increased risk of severe hemorrhage com-
pared with aspirin alone. 

Our observation that the combination of aspirin and an 
anticoagulant significantly increased the risk of hemor-
rhage is in keeping with the larger published experience 
evaluating the combination for cardiovascular indica-
tions.11,12 The Augustus trial recently reported rates of hem-
orrhagic outcomes in more than 4,600 patients with atrial 
fibrillation undergoing percutaneous coronary interven-
tions who were randomized to warfarin or apixaban plus 
aspirin or placebo.12 The risk of major hemorrhage was sig-
nificantly higher in patients receiving aspirin plus an anti-
coagulant compared with an anticoagulant without aspirin 
(HR: 1.89; 95% CI: 1.59-2.24; P<0.001).12 There are limited 
published data on the safety of combined antiplatelet and 
antithrombotic therapy in patients with MPN. In a recent 
Italian cohort that included 155 patients with an MPN and 
history of thrombosis, the 3-year cumulative incidence of 
recurrent thrombosis was 18.0% accompanied by a 6.5% 
incidence of major hemorrhage.5 Of the 19 patients (12%) 
in this cohort who received combined vitamin K antago-
nist with aspirin, the incidence of major hemorrhage was 
3.8 per 100 patient-years (95% CI: 0.4-13.8), which was 
statistically similar to those who received vitamin K antag-
onist alone (2.2 per 100 patient-years; 95% CI: 0.9-4.4; 
P=0.50).5 Older series included even fewer patients (less 
than 10) exposed to combined antithrombotic therapy.7 

There is limited evidence regarding the safety of DOAC 
in combination with aspirin in patients with MPN.13,14 The 
administration of a DOAC with aspirin did not appear to 
increase the risk of hemorrhage compared with warfarin 
and aspirin. There is evidence in cardiology cohorts that 
the combination of a DOAC with aspirin may be safer 
than warfarin combined with aspirin.11,12 We observed a 
similar trend for severe hemorrhages, but the difference 
was not statistically significant. 

 Although the combination of aspirin and an anticoagu-
lant significantly increased the risk of severe hemorrhage 
relative to aspirin alone, whether the combination therapy 
offers therapeutic benefit over an anticoagulant alone was 
not established. The indication for anticoagulant therapy 
was not captured, and the absence of this information pre-
cludes such an efficacy analysis. Due to its over-the-
counter availability, the use of aspirin may not be fully cap-
tured in the medical records; therefore, the analysis was 
limited to patients with documented aspirin use. We also 
note that patients were monitored for the development of 
hemorrhage, which was graded by CTCAE criteria. 
Alternative definitions of severe hemorrhage such as those 
established by the International Society of Thrombosis and 

Hemostasis (ISTH)15 were not utilized. Nevertheless, the 
vast majority of the hemorrhages described as severe in 
this cohort would be expected to meet the ISTH definition 
of major hemorrhage considering that grade 3 or 4 hemor-
rhages per CTCAE criteria require procedural intervention 
or are considered life-threatening. Other limitations of this 
analysis include the non-randomized nature of the study, 
the relatively short follow-up period, and the differences in 
the disease and/or treatment duration. 

In summary, this prospective, multicenter, observational 
study revealed a significant increase in the risk of hemor-
rhage and severe hemorrhage attributed to the combina-
tion of aspirin and anticoagulants compared with aspirin 
alone. In patients previously taking aspirin for cardiovascu-
lar risk modification, the American Society of Hematology 
advises against the continuation of aspirin following the 
initiation of anticoagulation for treatment of VTE.16 
Whether the combination of aspirin and anticoagulants 
offers therapeutic benefit in the management of throm-
boembolic disease in PV is not established. 
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Figure 2. Kaplan-Meier estimate of thrombotic event-free survival by medica-
tion group at enrollment. Kaplan-Meier estimate of thrombotic event (TE)-free 
survival by medication groups of aspirin plus anticoagulant (blue) and aspirin 
alone (green). 
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