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Abstract
The use of hydroxyurea (HU) as first line therapy in polycythemia vera (PV) has been criticized

because no solid demonstration that this drug prevents thrombosis or prolongs survival has been

so far produced. Here we present the outcomes of a large cohort of patients with PV included in

the European Collaborative Low-dose Aspirin (ECLAP) study. We selected 1,042 patients who,

during the follow-up, had received only phlebotomy (PHL) or HU to maintain the hematocrit lev-

el<45%. To assure comparability, we conducted a propensity score matching analysis. The two

groups (PHL n5342 and HU n5681) were well balanced for the parameters included in the pro-

pensity score (overall balance: v252.44, P50.964). Over a comparable period of follow-up

(PHL529.9 vs. HU534.7 months), we documented an advantage of HU over PHL consistently

significant with respect to the incidence of fatal/non-fatal cardiovascular (CV) events (5.8 vs. 3.0

per 100 person-years in PHL vs. HU group, P50.002) and myelofibrosis transformation that was

only experienced by patients of PHL group. Evolution to acute leukemia was registered in three

patients (two in PHL and one in HU group). The excess of mortality and total CV events in the

PHL patients was restricted to the high-risk group, and, compared with HU cases, was significant

higher in the PHL patients who failed to reach the hematocrit target<0.45% (P50.000). In con-

clusion, this analysis provides reliable and qualified estimates of the therapeutic profile of HU and

PHL treatments for future experimental studies and for the management of PV in clinical practice.

1 | INTRODUCTION

Current risk stratification in polycythemia vera (PV) is designed to esti-

mate the likelihood of recurrent thrombosis. Accordingly, PV includes

two risk categories: high-risk (age>60 years or thrombosis history)

and low-risk (absence of both risk factors). Hydroxyurea (HU) in associ-

ation with phlebotomy (PHL), and low-dose aspirin are currently rec-

ommended as first line cytoreductive therapy for patients with high-

risk disease. In contrast in younger patients without a history of throm-

bosis, only PHL and aspirin are indicated.1,2

It should be noted that these recommendations are based on expert

consensus owing that still limited number of randomized clinical trials do

exist. In the PVSG 013 randomized clinical trial, overall survival was

favored by treatment with PHL compared to treatment with radiophos-

phorus and chlorambucil. In fact, these latter drugs were found to

increase the rate of acute leukemia (AL). Conversely, in the PVSG proto-

col 08, including 51 patients with PV, treatment with HU, regarded as a

non-mutagenic myelosuppressive agent, was found to be associated with

a lower incidence of thrombosis compared with historical control patients

managed with PHL only.4 Even though the number of patients was low,

results of the study also indicated that incidence of leukemia was not

apparently increased in comparison with phlebotomized patients.

Since then, no further control or large observational studies were

designed to confirm the beneficial role of HU in comparison with phle-

botomy. Moreover, the use of HU as first line therapy in PV patients

has been criticized because no solid demonstration that HU therapy

prevents thrombosis or prolongs survival has been so far produced and

there is still a concern that the drug may increase the risk of leukemic

transformation, leading to suggest therapeutic PHL as first line therapy,

irrespective of patient risk category.5
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It is also remarkable that after the PVSG studies, only two random-

ized clinical trials included the reduction of vascular events as primary

end-point. These were the ECLAP (European Collaborative Low-dose

Aspirin)6 and the CYTO-PV trial,7 that demonstrated the efficacy and

safety of low dose aspirin and of the HCT control at <45%, respec-

tively, in the reduction of the burden of cardiovascular (CV) mortality

and morbidity. Of note, these latter hard end-points were not included

as primary end-points in the recent Response trials8,9 which were

designed to assess the superiority of Ruxolitinib in achieving a surro-

gate end-point, such as haematological response, in HU resistant/intol-

erant PV patients.

Therefore, many areas of uncertainty still remain in the field that

deserve to be addressed for two complementary reasons: to identify

the most appropriate settings for the management of PV patients and

to better define the risk profile and prognosis for future trials. On the

basis of these premises, we carried out an analysis of data of a large

prospective cohort of PV patients included in the ECLAP project.10

where all the outcome events were formally validated over a 2.8 years

median period of follow-up.

2 | PATIENTS AND METHODS

2.1 | Patients

This study was approved by the Institutional Review Boards of ECLAP

centers. To ensure a representative sample of the spectrum of the dis-

ease burden, all patients with new and old diagnoses of PV made

according to the criteria established by the PVSG3 were included with

no exclusion criteria with respect to age, therapy, or duration of dis-

ease. Treatment strategies had to comply with the recommendation of

maintaining the hematocrit value at <0.45 and the platelet count at

<4003 109/L. Clinical outcomes during the prospective follow-up

were recorded at follow-up visits at 12, 24, 36, 48, and 60 months.

Out of the 1,638 patients of the whole cohort included in the ECLAP

study, 1,042 were selected according to pre-defined criteria for the

analyses; that is, patients were included if, during the follow-up, had

received only PHL or HU to maintain the HCT level <45% as per

ECLAP protocol. Events were diagnosed as previously described.10

2.2 | Statistical analysis

Descriptive statistics were used for summarizing the baseline charac-

teristics of the two groups of patients.

To assure comparability between PHL and HU groups, we con-

ducted a propensity score (PS) matching analysis,11 by forming

matched sets of 1 PHL and up to two randomly sampled HU-treated

subjects (1:2 matching) who shared a similar values of PS. The PS was

estimated by regressing exposure to only PHL conditionally on the

baseline covariates (age at enrolment, gender, years from PV diagnosis,

prior thrombosis, aspirin use, active smoking and arterial hypertension),

with a logistic model. Matching was done using the nearest neighbor

method with replacement and with caliper of width equal to 0.2 of the

pooled standard deviation of the logit of PS. The standardized

difference (STD) was used to quantify differences in proportions

between treatment groups: a good balance was assured by standar-

dized difference <0.10.

Incidence rate of each outcome, in the two matched-groups, was

calculated considering the observed number of events and the corre-

sponding person-years (PY). The 95% confidence interval (CI) was esti-

mated under the assumption that the number of events followed a

Poisson distribution. Rates were stratified according to the treatment

group and compared using a conditional Poisson regression. Cumula-

tive incidence curves for death and CV events according to the treat-

ments were evaluated by the Kaplan–Meier approach and the

stratified log-rank test was used to compare the curves.

The effect of treatment with PHL and HU on the risk of the

selected outcomes was estimated by a Cox proportional-hazard model

stratified on the matched pairs, since the matched sample does not

consist of independent observations.12

For all tested hypotheses, two-tailed P values <0.05 were consid-

ered to be significant. Analyses were performed using STATA software,

release 13 (Strata Corp LP, College Station, TX).

3 | RESULTS

Baseline characteristics before and after propensity score matching are

presented in Table 1. The matched set comprised two groups that

were well balanced for the parameters used for the implementation of

PS (overall balance test: v252.44, P50.964). The very good balance

between the resulting groups provides a solid background for their

assessment in terms of outcomes.

Results of the analysis of main outcome events during the follow-

up are presented in Table 2. Over a comparable (yet statistically differ-

ent in favor of HU: median 30 months and 35 months, respectively, for

PHL and HU) period of follow-up, overall mortality was lower in HU

patients (rate of 0.3 vs. 0.1 per 100 PY for PHL vs. HU groups, respec-

tively) and the superiority of HU over PHL was consistently significant

with respect to the incidence of fatal/non-fatal CV events (rate of 5.8

vs. 3.0 per 100 PY in PHL and HU groups respectively, P50.002) and

of hematologic transformation (rate of 1.1 vs. 0.1 per 100 PY in PHL

and HU groups respectively, P50.006); in particular evolution to AL

was documented in three patients (two in PHL group and one in HU-

group) while transformation to myelofibrosis was experienced by 8

patients (2.3%) in PHL group and none in the HU group. Five CV

deaths (0.7%) occurred in the group treated with HU and 17 (5%)

among patients treated with only PHL (P50.000). By fitting a stratified

Cox-proportional hazard model, we estimated that HU reduced by

50% the risk of fatal and non-fatal CV events (HR50.50, 95% CI

0.35–0.72) and of 67% the risk of overall death (HR50.33, 95% CI

0.20–0.57).

To explain these findings we calculated the proportion of patients

who reached the hematocrit, leukocyte and platelet targets in the two

groups during the follow-up. We found that the proportion of patients

with the target hematocrit<45% at 12 months was significantly lower

in PHL group compared to HU treated patients (31% vs. 52%,
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P<0.0001) and a similar trend was observed along the entire observa-

tion period (Figure 1, panel A). Similarly, in the PHL group the propor-

tion of patients who presented <12 3 109/L leukocyte count at 12

months was lower than that of HU group (74% vs. 88%, P<0.0001);

this difference was maintained up to 36 months (Figure 1, panel B). On

the contrary, the number of patients obtaining the target platelet count

(<400 3 109/L) (Figure 1C) was similar in the two groups.

We then evaluated the main outcome in the two groups of treat-

ments after stratification of the patients by their risk category. Unfortu-

nately, the low number of CV events (n55), hematologic transformation

(n51), and overall death (n58) in the low risk patient population pre-

vented any reliable comparison between treatment groups. Conversely,

in patients with age over 60 years and/or prior history of thrombosis

(high-risk), the rate of fatal and not fatal CV events (8.7 vs. 4.8 per 100

PY in PHL vs. HU group), hematologic transformations (1.5 vs. 0.1 per

100 PY in PHL vs. HU group) and overall mortality (0.5 vs. 0.1 per 100

PY in PHL vs. HU group), were all significantly lower in patients treated

with HU in comparison with PHL (Table 3 in Supporting Information).

The overall picture of the comparative profiles of PHL and HU

treatments is also well illustrated by the cumulative incidence curves

with respect to overall mortality and fatal and non-fatal CV events

between the two treatment groups as a whole (Figure 2, panel A,C)

and after stratification based on risk category (Figure 2, panel B,D). The

excess of mortality and total CV events in PHL patients, restricted to

TABLE 1 Baseline characteristics in patients with polycythemia vera treated with phlebotomies (PHL) and hydroxyurea (HU) before and after
1:2 propensity-score (PS) matching

Before PS-matching After PS-matching

Total cohort (n51,042) 1:2 random-samplea matched cohort (n51,023)

PHL (n5342) HU (n5 700) STD PHL (n5 342) HU (n5681) STD

Age at enrolment�60, n(%) 186 (54.4%) 532 (76.0%) 20.47 186 (54.4%) 370 (54.3%) 0.00

Male, n(%) 238 (69.6%) 374 (53.4%) 0.34 238 (69.6%) 481 (70.6%) 20.02

Years from diagnosis of PV
to enrolment�5, n(%)

102 (29.8%) 260 (37.1%) 20.16 102 (29.8%) 195 (28.6%) 0.03

Prior thrombosis, n(%) 115 (33.6%) 285 (40.7%) 20.15 115 (33.6%) 222 (32.6%) 0.02

High risk, n(%) 221 (64.6%) 588 (84.0%) 20.46 221 (64.6%) 440 (64.6%) 0.00

Active smoking, n(%) 67 (19.6%) 83 (11.9%) 0.21 67 (19.6%) 111 (16.3%) 0.09

Hypertension, n(%) 138 (40.4%) 286 (40.9%) 20.01 138 (40.4%) 261 (38.3%) 0.04

Diabetes mellitus, n(%) 25 (7.3%) 52 (7.4%) 0.00 25 (7.3%) 41 (6.0%) 0.05

Aspirin use, n(%) 127 (37.1%) 309 (44.1%) 20.14 127 (37.1%) 262 (38.5%) 20.03

PHL: phlebotomies; HU: hydroxyurea; PV: polycythemia vera; STD: standardized difference.
a1 PHL patient: up to two randomly sampled HU patients in each matched subset (three patients treated with PHL had only one HU matched patient).
Matching was done using the nearest neighbor method with replacement and with caliper of width equal to 0.2 of the pooled standard deviation of
the logit of PS. STDs <0.1 indicate a good balance between treatment groups.

TABLE 2 Main outcome events during follow-up

1:2 random-samplea matched cohort (n51,023)

PHL (n5342) HU (n5681) P

Median total follow-up (IQR), months 29.9 (15.1, 41.0) 34.7 (24.1, 45.3) 0.001

Median treatment duration (IQR), months 25.8 (12.7, 37.3) 24.0 (12.0, 36.0) 0.696

Outcome during follow-up

1. CV events (fatal/non-fatal) 45 (13.2%) 54 (7.9%) 0.006

IR/100 PY (95% CI) 5.76 (4.30–7.72) 3.01 (2.30–3.93) 0.002

2. Hematologic transformation 9 (2.6%) 1 (0.2%) 0.006

IR/100 PY (95% CI) 1.11 (0.58–2.14) 0.05 (0.01–0.38) 0.006

3. Overall death 31 (9.1%) 24 (3.5%) 0.000

IR/100 PY (95% CI) 0.32 (0.23–0.46) 0.11 (0.07–0.16) 0.000

PHL: phlebotomies; HU: hydroxyurea; CV: cardiovascular; PY: person-years.
a1 PHL patient: up to two randomly sampled HU patients in each matched subset (three patients treated with PHL had only one HU matched patient).
Matching was done using the nearest neighbor method with replacement and with caliper of width equal to 0.2 of the pooled standard deviation of
the logit of PS.
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FIGURE 1 Proportion of patients who reached target values of hematocrit (HCT), leukocyte (WBC) and platelets (PLT) counts in the two
matched-groups during follow-up. Legend: PHL: Phlebotomies; HU: Hydroxyurea; HCT: Hematocrit; WBC: Leukocyte. (A) Proportion of
patients who reached target hematocrit<45%. (B) Proportion of patients who reached leukocyte counts<12 3 109/L. (C) Proportion of
patients who reached platelet target�400 3 109/L

FIGURE 2 Cumulative incidence curves of total mortality and cardiovascular (CV) events among patients treated with PHL/HU at low/
high-risk of thrombosis. Legend: PHL: Phlebotomies; HU: Hydroxyurea; LR: Low-risk patients; HR: High-risk patients. (A) Cumulative inci-
dence of total mortality. (B) Cumulative incidence of total mortality among patients at low/high-risk of thrombosis. (C) Cumulative incidence
of cardiovascular events. (D) Cumulative incidence of cardiovascular events among patients at low/high-risk of thrombosis
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the high-risk group, displays the comprehensive difference in the inci-

dence of these events in PHL and HU treated patients.

4 | DISCUSSION

The results of this study comparing the outcomes of PHL versus HU

treatments in a large series of patients included in a prospective clinical

trial were obtained by examining two cohorts well-balanced for age at

enrolment, gender, years from PV diagnosis, prior history of thrombosis,

aspirin use and cardiovascular risk factors. Therefore, the comparison

between two treatment groups using the propensity score matching,

should be interpreted as a semi-experimental prospective trial approach.

We have shown an efficacy and safety profile of HU strongly sug-

gestive of a positive role in reducing overall mortality, mainly associ-

ated with CV events and inferior rate of myelofibrosis evolution, in

comparison with PHL treated patients. According to the expectations,

the advantages of HU therapy were confined to the population at

high-risk, defined by age over 60 years and prior history of thrombosis.

This data confirms the results of the pivotal PVSG 01-trial3 dem-

onstrating that phlebotomy alone in elderly patients with prior history

of thrombosis was the major factor contributing to excess future vas-

cular events. This finding might be interpreted as being associated with

a difference in terms of hematologic response in the two groups. In

fact, the significant reduction of CV events by maintaining hematocrit

<45% and leukocyte <12 3 109/L was demonstrated by the CYTO-

PV trial and in a post-hoc analysis of the same study.7,13 Herein, we

report that adequate control of hematocrit and leukocytosis was

achieved in a larger proportion of patients treated with HU in compari-

son with those on PHL only, thus contributing to explain the signifi-

cantly lower incidence of fatal and non-fatal thrombosis in patients

receiving HU. Of note, the benefit of HU was also shown by lower inci-

dence of transformation into myelofibrosis in patients receiving HU.

Therefore, we reaffirm the validity of the current guidelines that rec-

ommend HU as first line therapy in this high risk category and highlight

that in future comparative randomized clinical trials aimed at reducing

CV complications in PV, this drug should be the comparative arm.

The low number of events in low-risk patients did not allow a

reliable comparison between patients treated by PHL or HU. Regard-

ing this subgroup of PV patients, it should be underscored that cur-

rent recommended therapy (PHL and aspirin) has not yet been tested

in a formal control prospective study. This represents an unmet clini-

cal need as the rate of major arterial and venous thrombosis in

younger patients in absence of history of CV events remains exceed-

ingly higher (1.96% per year).14 than that reported in the general

population (0.7% per year).15–17 It is very likely that the residual risk

of vascular complications in patients treated with PHL and aspirin

only might be reduced by a more strict control of hematocrit7 and

leukocytosis18 through cytoreduction therapy. Conceivably, it might

be foreseen that alpha-IFN, a non leukemogenic cytoreductive drug

shown very active in controlling the disease and reducing the JAK2

mutated allele burden,19 might be suitably employed in this category

of patients. A phase II randomized clinical trial is ongoing to address

whether interferon can accomplish a better and durable control of

hematocrit and leukocytosis than phlebotomy plus aspirin, and

positively impact on the rate of thrombosis (ClinicalTrials.gov N8

NCT03003325).

While the findings of current analysis of a cohort of the original

ECLAP study, diagnosed by PVSG criteria and not treated by strictly

risk-adapted criteria, are clearly exposed to intrinsic limitations and

biases, the rigorous application of a 1:2 propensity-score matching is

expected to reduce most of the underlying limitations.11

Therefore, we highlight the value of PHL in strictly defined low-

risk patients, and confirm the efficacy of HU in high-risk cases,

although a residual incidence of vascular events still exists in both

groups; moreover, it is reassuring that HU reduced the rate of transfor-

mation into myelofibrosis without enhancing the risk of leukemia.

While waiting the data of ongoing prospective randomized trials, this

analysis provides estimates of the main outcomes observed in a large

cohort in the context of a clinical trial and can be considered a reliable

and qualified information of HU and PHL treatments for future experi-

mental studies and for the management of PV in clinical practice.
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