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Abstract

Polycythemia vera (PV) is a myeloproliferative neoplasm associated with increased risk of thrombotic events (TE) and death.
Therapeutic interventions, phlebotomy and cytoreductive medications, are targeted to maintain hematocrit levels <45% to
prevent adverse outcomes. This retrospective observational study examined medical and pharmacy claims of 28,306 PV
patients initiating treatment for PV in a data period inclusive of 2011 to 2019. Study inclusion required >2 PV diagnosis codes
in the full data period, at least 1 year of PV treatment history, and > 1 prescription claim and medical claim in both 2018 and
2019. Patients having >?2 hematocrit (HCT) test results in linked outpatient laboratory data (2018-2019) were designated
as the HCT subgroup (N=4246). Patients were characterized as high- or low-risk at treatment initiation based on age and
prior thrombotic history. The majority of patients in both risk groups (60% of high-risk and 83% of low-risk) initiated treat-
ment with phlebotomy monotherapy, and during a median follow-up period of 808 days, the vast majority (81% low-risk,
74% high-risk) maintained their original therapy during the follow-up period. Hematocrit control was suboptimal in both
risk groups; 54% of high-risk patients initiating with phlebotomy monotherapy sometimes/always had HCT levels > 50%;
among low-risk patients, 64% sometimes/always had HCT levels above 50%. Overall, 16% of individuals experienced at
least 1 TE subsequent to treatment initiation, 20% (n=3920) among high-risk and 8% (n=629) among low-risk patients.
This real-world study suggests that currently available PV treatments may not be used to full advantage.

Keywords Polycythemia vera - Myeloproliferative neoplasm - Thrombotic events - Hematocrit control - Therapeutic
phlebotomy - Cytoreductive medication

Introduction The estimated prevalence of PV is 45-57 cases per 100,000

persons in the USA [6].

Polycythemia vera (PV) is a myeloproliferative neoplasm
that is characterized by a primary, clonally driven abnor-
mal increase in red blood cell mass. This overproduction of
red blood cells is reflected in a patient’s elevated hematocrit
(HCT) levels [1-4]. According to the World Health Organi-
zation (WHO) revised criteria of 2016, threshold HCT levels
for the diagnosis of PV are>49% for males and > 48% for
females [4, 5], when combined with other diagnostic criteria.

P4 Nancy L. Reaven
nancy.reaven @strathealth.com

1" MD Anderson Cancer Center, Houston, TX, USA
2 Strategic Health Resources, La Canada, CA, USA
3 Protagonist Therapeutics, Newark, CA, USA

Published online: 13 January 2023

Patients with PV have reduced survival compared to the
age- and sex-matched population in the USA [3, 7], with a
median survival ranging from 12.4 to 20 years [8, 9]. PV is
associated with an increased risk of thrombotic or bleeding
complications [6, 8, 10, 11], and thrombotic events represent
the main cause of mortality for PV patients [12]. Annual
incidence is positively associated with HCT levels and
increases by age; in a meta-analysis of 16 studies (n=3236
PV patients), thrombosis rates were 1.9%, 3.6%, and 6.8%
per person-year at median ages 60, 70, and 80 years,
respectively [13]. Bleeding events are less common, with a
reported incidence of 1% per year [8].

Patients with PV are stratified into low-risk or high-risk
categories according to age and previous history of throm-
bosis. Low-risk patients are defined as individuals younger
than 60 years with no previous thrombosis, and high-risk
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patients are individuals older than 60 years and/or those with
a history of thrombosis [9, 11].

HCT control is key to prevention of thrombotic events
and other adverse outcomes [12, 14, 15]. The CYTO-PV
study, an analysis that is central to clinical guidance in PV,
reported that patients with a HCT target <45% had a signifi-
cantly lower rate of major thrombosis than did those patients
with a HCT target of 45-50%. Moreover, in patients with PV
who were receiving phlebotomy and/or hydroxyurea treat-
ment, HCT maintenance of 45-50% was associated with
four times the rate of death from cardiovascular causes or
major thrombosis compared to patients with HCT mainte-
nance <45% [12].

Clinical guidelines recommend maintaining HCT <45%
for all patients with PV, regardless of risk status. For low-
risk patients, newly revised NCCN guidelines recommend
first-line treatment with phlebotomy to control HCT <45%
(phlebotomy should be done whenever HCT is above
45%), low-dose aspirin, and management of cardiovascular
risk factors. Ropeginterferon alfa-2b-njft is an option for
treatment of low-risk patients when the treating physician
believes cytoreduction is needed [14]. For high-risk patients,
cytoreductive therapy such as hydroxyurea, peginterferon
alfa-2a, or ropeginterferon alfa-2b-njft is recommended first-
line in addition to aspirin and management of cardiovascular
risk factors. Ruxolitinib is recommended as a second line
option. Phlebotomy should be used in high-risk patients as
needed, but the goal of cytoreductive therapy is to eliminate
a need for phlebotomy and to maintain HCT below 45% all
the time.

In order to better understand real-world treatment pat-
terns, we accessed insurance claims data to examine the
patient journey among treated patients with PV, with spe-
cific reference to treatment initiation and the degree to which
treatments changed over a relatively short period of time,
and the association of patient risk status and the incidence
of thrombotic events. In a subset of patients with available
HCT data in a 2-year period, we also explored the degree
of HCT management consistent with clinical guidelines, by
risk status and type of PV treatment.

Methods

We conducted a retrospective analysis of treatment
pathways, frequency of TE outcomes, and HCT control
following initiation of treatment for diagnosed PV using
medical and pharmacy claims of US patients in the
Symphony Health Solutions IDV® (Integrated Dataverse).
The Symphony Dataverse includes de-identified longitudinal
claims data for medical services and filled prescriptions on
280 million individuals in the USA and US territories from
over 10,000 insurance plans offering Commercial, Medicare,
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and Medicaid coverage. Outpatient laboratory data from
Quest Diagnostics was also available on approximately
35.7 million US adults in a dataset that is linked by patient
identifier.

Patient selection

Initial study selection required at least one diagnosis code
for PV and at least one paid or approved claim for treatment
of PV during calendar years 2018-2019. For patients meet-
ing the initial criteria, medical claims from 2011 to 2019
were queried to find the first treatment for PV (index date)
and retained for the assessment of treatments and outcomes.
Eligible treatments included therapeutic phlebotomy and
cytoreductive medications (hydroxyurea, ruxolitinib, busul-
fan, and relevant interferons). (see Online Resource 1 for
detailed description of definitions and timelines.)

To qualify for the final study cohort, patients were
required to have an additional PV diagnosis code within
1 year of the index date (for a total of at least two PV diag-
nosis codes in the full data period), at least 1 year of PV
treatment history, and at least one prescription claim and one
hospital or medical claim in both 2018 and 2019 (Fig. 1).

Patients having at least 2 hematocrit (HCT) test results
post-index in linked outpatient laboratory data were des-
ignated as the HCT subgroup. Patients with >2 HCT tests
averaged over 4.5 tests each.

Patient characteristics and risk stratification

Age was evaluated as of the initial treatment for PV (index
date). Race and ethnicity were derived from a combina-
tion of sources using Symphony’s proprietary methods
and reported into the database. Prior thrombotic event was
defined as the occurrence of a diagnosis code for thrombotic
event (abdominal thrombosis, myocardial infarction, tran-
sient ischemic attack, stroke, pulmonary embolism, periph-
eral arterial thrombosis, deep vein, or other thrombosis or
acute coronary syndrome) in any setting of care within the
year prior to the index date (Online Resource 1).

Study cohort PV patients were stratified by the standard
risk categories per National Comprehensive Cancer Net-
work® (NCCN®) guidelines. [15] Patients aged > 60 years
at index or with a thrombotic event during the pre-index
year were designated high-risk, while those under age 60
with no history of TE during the pre-index year were des-
ignated low-risk. Although a recent guideline update has
refined recommended risk-stratification criteria [14], this
study uses the earlier version that reflects criteria available
to practicing physicians during the period of patient care
profiled in this study.



Annals of Hematology

Source

Database

Data Extract
Qualification

Data Inclusion
Period

US Population

D

Symphony Health Integrated Dataverse (Pharmacy and Medical Claims)

N=284 million patients in US and Territories

.

Patients with Polycythemia Vera - Treated and Diagnosed
Identification time period: 1/1/2018 - 12/31/2019

e Atleast 1 paid/approved treatment of interest (prescription or procedure)
e Atleast 1 PV diagnosis during the identification time period

N=44,817

-

Database Extract: Treatment Initiation and Confirmatory Diagnosis

Using all available data 1/1/2011-12/31/2019, establish first treatment for PV by
phlebotomy procedure or filled prescription (index date)

e Require a PV diagnosis code within 1 year of first treatment
e Retain medical claims from index date - March 2020 for outcome evaluation

N=37,751

8-

Study Cohort

e > 1 year of PV treatment history

Study Cohort: Patients with Treated PV and Sufficient Data
e Require > 1 prescription claim in 2018 and in 2019
e Require = 1 hospital or medical claim in 2018 and in 2019

N=28,306

Symphony Health Integrated Dataverse Linked Outpatient Laboratory Data (2018-2019)

N=35.7 million patients in US and Territories

&

HCT Subgroup

HCT Subgroup: Patients with Hematocrit Data
e At least 2 hematocrit (HCT) laboratory test results after first treament

N=4,264

Fig. 1 Patient selection flow chart

Therapeutic pathways

First-line therapy was defined as the therapeutic product or
procedure first observed for the patient within 30 days of
the index date, and for pharmaceutical agents, if repeated
within 60 days post-index. First-line combination therapy
was assigned if a claim for a pharmaceutical agent occurred
within 30 days following an index phlebotomy treatment,
or if a phlebotomy procedure or claim for a second drug
was reported during the active period of a prescription
(defined as remaining number of days-supply plus a 30-day
grace period) for a drug prescribed at index.

Second and third therapy lines were identified at the next
change in therapy by addition, switch, discontinuation, or
restart. A new treatment was considered an addition if its first
prescription fill or treatment date occurred within the active
period of a prior therapy, and the prior therapy was repeated
within the active period of the new treatment, irrespective of
duration. A new treatment was considered a switch if the prior
therapy was not repeated within the active period of the new
treatment. Discontinuation was identified if a therapy was not
repeated within its active period and the active period did not
include the end of available data. Restart was identified if a
discontinued therapy recurred in claims (Online Resource 1).
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Clinical outcomes

Thrombotic events were evaluated from treatment initiation
through a data period extended to March 2020 during a
median post-index period of 808 days, using all post-index
claims data from January 2011 to March 2020. A throm-
botic event was identified at the occurrence of a diagnosis
code for a thrombotic event in medical claims data from
any setting of care.

In the HCT subgroup, hematocrit control following
treatment initiation was assessed among patients with at
least two post-index HCT values in 2018 and 2019 by
grouping HCT results by patient as always under 45%,
under 50% but not always < 45%, sometimes over 50%, and
always over 50%. The 45% cut point was selected to reflect
clinical guidelines [15].

Statistical analysis

Patient characteristics were compared between the high-risk
and low-risk groups in both the full study cohort and the
HCT subgroup using chi-square or unequal variance sample
t-test as appropriate. Differences in characteristics between
the full study cohort and the HCT subgroup were similarly
evaluated.

Therapeutic pathways for the first, second, and third lines
of therapy were summarized for the high-risk and low-risk
groups, with therapies not involving either phlebotomy or
hydroxyurea consolidated as “other”.

The number and percentage of patients experiencing
at least one thrombotic event was evaluated for the high-
risk and low-risk groups and within the high-risk group for
patients with and without prior thrombotic events; these
analyses were conducted in both the full study cohort and
the HCT subgroup.

Hematocrit control following treatment initiation was
assessed in the HCT subgroup, stratified by risk status, at
three levels: in total, by first-line therapy, and by first and
second therapy lines. Statistical evaluation of differences in
HCT control between lines of therapy was performed using
chi-square tests by comparing the proportion of patients in
the always over 50% group (i.e., patients with all reported
HCT values over 50%) and the always under 45% group, as
clinical guidelines recommend. Pairwise comparisons were
made between first-line therapies using patients initiating
phlebotomy as the reference. A global comparison was made
among all combinations of first- and second-line therapy. An
additional global comparison was made among all therapy
sequences involving both phlebotomy and hydroxyurea in
any sequence or combination to assess whether HCT control
differed significantly according to the sequence of these two
therapies in patients receiving both.
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Analyses were performed in Microsoft Excel and SAS/
STAT® version 9.4 (Cary NC, USA). p values <0.05 were
considered statistically significant.

Results

28,306 individuals met inclusion criteria for the study
cohort. Mean age at initial treatment was 63.5 years, sixty
percent (60%) of the cohort patients were male. Thirty
percent (30%, n=238,373) of patients met the criteria for
low-risk, i.e., < 60 years with no prior thrombotic events.
Patients classified as low-risk were younger than patients
classified as high-risk (mean age 49.0 vs. 69.6 for patients
classified as high-risk) and had a higher proportion of males
to females (low-risk: 2.3 times males:females, high-risk:
1.3 times males:females). PV treatment history was avail-
able for>1 year in 62% of patients and >3 years in 35% of
patients. Table 1 summarizes the demographic and clini-
cal characteristics of the full study cohort, stratified by risk
status.

Analysis of treatment pathways indicated that a major-
ity of patients, (18,942 [67%]), irrespective of risk status,
started with phlebotomy monotherapy (Fig. 2). Twenty-five
percent (7,202 [25%]) of patients started with hydroxyurea
monotherapy; few patients (195 [1%]) had therapy other than
phlebotomy and/or hydroxyurea as a first-line treatment. Of
these, 116 (59%) had ruxolitinib phosphate alone or in com-
bination, 75 (38%) had interferon alone or in combination,
and 4 (2%) had busulfan. A small percentage of patients, 6%
(1072/18,942), initiating treatment with phlebotomy mono-
therapy switched back to phlebotomy alone after adding or
switching to hydroxyurea as second-line therapy.

Treatment was initiated with phlebotomy monotherapy
in 60% of high-risk patients (Fig. 2a). (Of the 11,988 (60%)
high-risk patients who started on phlebotomy monotherapy,
27% changed therapy, 63% switched to hydroxyurea, and
34% added hydroxyurea while continuing phlebotomy treat-
ments. Of the 6086 high-risk patients (31%) who started
on hydroxyurea monotherapy, 20% changed therapy, 34%
switched to phlebotomy alone (i.e. discontinued hydroxyu-
rea), while 57% added phlebotomy while continuing treat-
ment with hydroxyurea. Overall, 74% of high-risk patients
stayed on their first-line therapy throughout the study period.

Eighty-three percent (83%) of low-risk patients initiated
treatment with phlebotomy monotherapy, most of whom
(81% of all low-risk patients and 85% of those initiating on
phlebotomy monotherapy) stayed on their first-line therapy
throughout the study period (Fig. 2b). Of those who started
on phlebotomy monotherapy and changed therapy (15%),
64% switched to hydroxyurea, and 30% added hydroxyu-
rea while continuing phlebotomy treatments. Thirteen
percent (13%) of low-risk patients initiated treatment with



Annals of Hematology

Table 1 .Patient demqgr?lphics Study cohort High-risk Low-risk P value®
and clinical characteristics at
index date: full study cohort and Total N=28306 n=19,933 n=28373
by baseline patient risk group Age, years, mean + SD? 63.5+12.7 69.6+8.5 49.0+8.7 <0.0001
Age distribution, n (%) <0.0001
60 and over 18,496 (65) 18,496 (93) )
59 and under 9808 (35) 1436 (7) 8372 (100)
Sex, n (%) <0.0001
Male 17,119 (60) 11,305 (57) 5814 (69)
Female 11,187 (40) 8628 (43) 2559 (31)
Race, n (%) <0.0001
White 18,085 (64) 13,243 (66) 4,842 (58)
Unknown/other 6411 (23) 4,149 (21) 2,262 (27)
Hispanic 1412 (5) 889 (4) 523 (6)
Black 1382 (5) 951 (5) 431 (5)
Mixed 728 (3) 518 (3) 210 (3)
Asian 288 (1) 183 (1) 105 (1)
Thrombotic event history, n (%)
Prior thrombotic event 5587 (20) 5587 (28) 0(0) NA

“Patients age >80 and < 18 were normalized to 80 and 18 years, respectively, for privacy reasons; age miss-

ing in 2 patients.

°P value is for the comparison of high-risk to low-risk, by chi-square or unequal variance two sample -test

NA, not applicable; SD, standard deviation

hydroxyurea monotherapy, of whom 70% retained that ther-
apy throughout the study period. Among low-risk patients
who started on hydroxyurea monotherapy and changed ther-
apy (30%), 40% switched to phlebotomy, while 52% added
phlebotomy while continuing treatment with hydroxyurea.
Across all therapy lines, 81% of low-risk patients experi-
enced no change in treatment regimen during the study.

Among patients in either risk group who had combina-
tion therapy with phlebotomy and hydroxyurea as a first- or
second-line treatment and made a change, the overwhelming
majority discontinued hydroxyurea.

Evaluation of thrombotic event rates, by patient risk
status

The occurrence of post-index thrombotic events was evalu-
ated during a median period of 808 days. A total of 4549
(16%) individuals experienced at least one thrombotic
event subsequent to treatment initiation, 20% (n=3920)
among patients classified as high-risk, and 8% (n=629)
among patients classified as low-risk. Forty percent (40%,
n=2,232) of patients with a documented prior thrombotic
event experienced at least one thrombotic event subsequent
to treatment initiation (Table 2). Stroke was the most com-
monly occurring thrombotic event (36% of total), followed
closely by deep vein thrombosis (35%); 18% of patients
experiencing a thrombotic event had a reported myocardial
infarction (data not shown).

Subgroup analysis of patients with HCT data

A subgroup of 4246 patients with outpatient laboratory
data was evaluated, “HCT subgroup”. Mean age at initial
treatment was 63.8 years; 2659 (62%) of the HCT subgroup
patients were male (Online Resource 2). An evaluation
of clinical and demographic characteristics at index indi-
cated that the HCT subgroup was similar to the larger study
cohort in age (63.5 vs. 63.8 years, p=0.07), in the percent-
age of patients with prior thrombotic events (20% vs. 19%,
p=0.08), and in the proportion of high-risk patients (71%
vs. 70%, respectively, p=0.65) (Online Resource 2). Addi-
tionally, the treatment patterns of patients included in the
HCT subgroup closely resembled those in the larger patient
cohort, with 52% in each group receiving phlebotomy mono-
therapy, 20% in each group receiving hydroxyurea mono-
therapy, and 10% in each group switching from phlebotomy
to hydroxyurea (Online Resource 3).

Among high-risk patients, across all therapy lines, only
25% of patients had HCT levels consistently below 45%,
while 7% had HCT values always > 50% (Fig. 3). High-risk
patients initiating therapy with hydroxyurea with or with-
out phlebotomy were more likely to meet clinical guide-
lines for HCT management (< 45%) compared to patients
initiating phlebotomy monotherapy (29%, p=0.002 and
40%, p <0.0001, respectively, vs. 16% for phlebotomy
monotherapy) (Fig. 3). High-risk patients initiating treat-
ment with phlebotomy monotherapy were associated with
the most unfavorable HCT results; 10% of high-risk patients
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a) High-Risk Patients

Initial Treatment Treatment Change (Initial to Line 2) Line 2 Treatment Change (Line 2-3) Line 3

1123 /
88

422

4853

=
697 PTB+HU 2 ~— | PTBHU
g — - 3163
PTB+HU 497 - 16%

9
o 1201 \\ 15%
Other, 446

9% 18

Other, 143 143

b) Low-Risk Patients

Initial Treatment Treatment Change (Initial to Line 2) Treatment Change (Line 2- 3)

HU, 1116
13%
25 PTB+HU, 630 208
PTB+HU, 251  [ETD 410
% . 8
Other, 52 52 Other, 155 ey

785

11 14%

\ PTB+HU, 654
8%

R

Fig. 2 Patient treatment journey through up to 3 lines of therapy, by patient risk group

initiating with phlebotomy monotherapy always had HCT

Table 2 Percent of patients experiencing thrombotic event (TE), by levels greater than 50% compared to patients initiating with

patient risk group hydroxyurea monotherapy (3%, p <0.0001) or phlebotomy

- - - and hydroxyurea combination (2%, p <0.0001).

Risk group Total Patients with TE post . .

patient reatment initiation, Despite suboptimal HCT management, phlebotomy

count, n n (%) monotherapy was retained for a large proportion of high-

risk patients (43%; 1307/3017). Nearly half (48%) of this

group had HCT levels sometimes greater than 50% and

Low-risk patients

) Agpf<60 %nd no prior TE 8373 629(8) 12% consistently reported HCT levels greater than 50%
ngh_nsk pat?ents . during follow-up. High-risk patients who initiated and
All,hlgh_n,Sk patler,lts 19.933 3920 20) retained hydroxyurea monotherapy had the most favorable
PatTems W%th 1o pror TE - 14.346 1688 (12) HCT results, 44% of these patients had HCT levels that
Patients with prior TE ll 2232 (40) were consistently lower than 45%, and only 3% had HCT
TE, thrombotic event levels always above 50%. Notably, while some patients
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Patients at Baseline High Risk

All Patients, N=3017 25%

First-Line Therapy

Initiates Phlebotomy (PTB), n=1814 29%
Initiates PTB and Hydroxyurea, n=233 29%
Initiates Hydroxyurea, n=950 40%
First-Line Therapy Retained
PTB Only, n=1307 12% 27%

Hydroxyurea Only, n=734
PTB and Hydroxyurea Only, n=159

First- & Second-Line Therapy With Changes
PTB switch to Hydroxyurea, n=330 29%

PTB adding Hydroxyurea, n=165 33%

Hydroxyurea switch to PTB, n=77
Hydroxyurea adding PTB, n=120
PTB and Hydroxyurea (HU), drop HU, n=70

m Always Under 45%

*p<0.01, Always >50% and Always <45%
**p=0.32, Always >50%; p=0.17, Always <45%

30%

< 50%, but not always <45%

38%

30% 39%

0]
31% 26%

48%
27% 26%

43%

1%
35% -
5%

48%

33%
26%
30%
31%

33%

>50% Sometimes m Always Over 50

Brackets denote pairwise comparisons.
Braces denote comparisons among multiple categories.

Label Description

All Patients
First-Line Therapy
Initiates Phlebotomy (PTB)
Initiates PTB and Hydroxyurea
Initiates Hydroxyurea
First-Line Therapy Retained
PTB Only
Hydroxyurea Only
PTB and Hydroxyurea Only
First- & Second-Line Therapy With Changes
PTB adding Hydroxyurea
PTB switch to Hydroxyurea
Hydroxyurea switch to PTB
Hydroxyurea adding PTB
PTB and Hydroxyurea (HU), drop HU

All patients in the study cohort having at least 2 post-index hematocrit measurements

All patients whose first-line treatment was phlebotomy as monotherapy

All patients whose first-line treatment was a combination of phlebotomy and hydroxyurea

All patients whose first-line treatment was hydroxyurea as monotherapy

Patients whose first-line therapy of PTB and/or hydroxyurea remained unchanged during the study period

Patients whose only treatment approach during the study period was phlebotomy as monotherapy

Patients whose only treatment approach during the study period was hydroxyurea as monotherapy

Patients whose only treatment approach during the study period was a combination of phlebotomy and hydroxyurea
Patients whose first-line therapy was PTB and/or hydroxyurea and whose therapy changed

Patients who started on PTB alone, then added hydroxyurea (i.e., second-line PTB+hydroxyurea)

Patients who started on PTB alone, then discontinued it and switched to hydroxyurea

Patients who started on hydroxyurea alone, then discontinued it and switched to phlebotomy

Patients who started on hydroxyurea alone, then added phlebotomy (i.e., second-line PTB+hydroxyurea)

Patients who started on both hydroxyurea and phlebotomy, then discontinued hydroxyurea while continuing phlebotomy

Fig. 3 Hematocrit control, segmented by first-line treatment, and by first and second lines of treatment and changes, high-risk patients

did add a therapy (9%; 285/3017), relatively few high-risk
patients switched or discontinued therapies during the
outcome period (16%; 477/3017). Among those who did,
patients who changed from a combination of phlebotomy
and hydroxyurea to phlebotomy alone had the most favora-
ble HCT results; yet, only 33% had HCT levels consistently
below 45%.

Among low-risk patients, across all therapy lines, 12%
of patients had HCT levels consistently above 50%, and a
total of 59% had some or all HCT tests above 50% (Fig. 4).
Patients initiating treatment with phlebotomy monother-
apy had the least favorable levels of HCT control; a total
of 64% of patients sometimes (50%) or always (14%) had
HCT levels above 50%. In comparison, low-risk patients
treated with hydroxyurea with or without phlebotomy were
less likely to have HCT levels consistently higher than
50%; 3% of low-risk patients treated with hydroxyurea
monotherapy and 0% of patients treated with a combi-
nation of hydroxyurea and phlebotomy had HCT levels
always above 50% (p <0.0001 for both comparisons to
phlebotomy monotherapy).

Among the 86% (907/1055) of low-risk patients retain-
ing phlebotomy monotherapy, HCT results were the least
favorable, with 16% consistently reporting HCT results
greater than 50%. Low-risk patients initiating and retain-
ing hydroxyurea monotherapy had consistently better HCT
results than either phlebotomy monotherapy or phlebot-
omy and hydroxyurea combination, although the results
with hydroxyurea treatment alone still showed subopti-
mal correspondence with clinical guidelines, i.e., 31%
of patients had HCT results sometimes or always above
50%. Eleven percent (11%, 134/1247) of low-risk patients
switched or discontinued therapies during the outcome
period, the majority switching from phlebotomy mono-
therapy to hydroxyurea (75%, 100/134), yet 45% of this
group had HCT levels sometimes or always above 50%
(Fig. 4).

Pairwise comparisons in both high-risk and low-risk
patient groups evaluating all therapy sequences involving
both phlebotomy and hydroxyurea in any sequence or com-
bination produced statistically similar results with respect
to the proportions of patients with HCT levels consistently
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Patients at Baseline Low Risk

All Patients, N=1247

First-Line Therapy

Initiates Phlebotomy (PTB), n=1055
Initiates PTB and Hydroxyurea, n=27
Initiates Hydroxyurea, n=160

26%

25%

37%

47%

50%

31%

=
41% 0% *

32% 3%|

First-Line Therapy Retained

PTB Only, n=907 9% 24%
Hydroxyurea Only, n=119

PTB and Hydroxyurea Only, n=12

First- & Second-Line Therapy With Changes

PTB adding Hydroxyurea, n=41 29%
PTB switch to Hydroxyurea, n=100

Hydroxyurea switch to PTB, n=19
Hydroxyurea adding PTB, n=17 24%

PTB and Hydroxyurea (HU), drop HU, n=15 47%

W Always Under 45%

*p<0.0001, Always >50% and Always <45%
**p<0.04, Always >50%; p=0.27, Always <45%
***p<0.04, Always >50%; p<0.0001, Always <45%
***¥p=0.663, Always >50%; p=0.696, Always <45%

32%

< 50%, but not always <45%

51%
29%

1

0%

28%

25% 42%

0%
0%

46%
40%

FAkk

42% 32%

65%

40% 0%

>50% Sometimes W Always Over 50

Brackets denote pairwise comparisons.
Braces denote comparisons among multiple categories.

Label Description

All Patients
First-Line Therapy
Initiates Phlebotomy (PTB)
Initiates PTB and Hydroxyurea
Initiates Hydroxyurea
First-Line Therapy Retained
PTB Only
Hydroxyurea Only
PTB and Hydroxyurea Only
First- & Second-Line Therapy With Changes
PTB adding Hydroxyurea
PTB switch to Hydroxyurea
Hydroxyurea switch to PTB
Hydroxyurea adding PTB
PTB and Hydroxyurea (HU), drop HU

All patients in the study cohort having at least 2 post-index hematocrit measurements

All patients whose first-line treatment was phlebotomy as monotherapy

All patients whose first-line treatment was a combination of phlebotomy and hydroxyurea

All patients whose first-line treatment was hydroxyurea as monotherapy

Patients whose first-line therapy of PTB and/or hydroxyurea remained unchanged during the study period

Patients whose only treatment approach during the study period was phlebotomy as monotherapy

Patients whose only treatment approach during the study period was hydroxyurea as monotherapy

Patients whose only treatment approach during the study period was a combination of phlebotomy and hydroxyurea
Patients whose first-line therapy was PTB and/or hydroxyurea and whose therapy changed

Patients who started on PTB alone, then added hydroxyurea (i.e., second-line PTB+hydroxyurea)

Patients who started on PTB alone, then discontinued it and switched to hydroxyurea

Patients who started on hydroxyurea alone, then discontinued it and switched to phlebotomy

Patients who started on hydroxyurea alone, then added phlebotomy (i.e., second-line PTB+hydroxyurea)

Patients who started on both hydroxyurea and phlebotomy, then discontinued hydroxyurea while continuing phlebotomy

Fig.4 Hematocrit control, segmented by first-line treatment, and by first and second-lines of treatment and changes, low-risk patients

above 50% (p =0.32 for high-risk group comparisons and
p =0.663 for low-risk patient groups) (Figs. 3 and 4).

Individuals for whom HCT results were available
(HCT subgroup) experienced post-treatment thrombotic
events at similar rates to the full study cohort (16.1% in
each, p =0.98). Eight percent (8%) of the low-risk group
and 20% of the high-risk group experienced at least one
thrombotic event (Online Resource 4). Stroke and DVTs
were the most common thrombotic events at 2% each
for the low-risk HCT subgroup and ranging from 3 to
20% for the high-risk HCT subgroup. In a subcohort of
3445 patients with up to 5 years of follow-up in medical
claims data, 36% (236/653) of patients with a thrombotic
event in their history experienced at least one other event.
The most common events were deep vein thrombosis
and stroke. Among the 397 high-risk patients who
had another thrombotic event, 180 (45%) were treated
with phlebotomy only and never switched to any other
therapies.

@ Springer

Discussion

To our knowledge, this is the largest published real-world
study reporting treatment patterns and thrombotic event
rates in PV patients of all ages and risk categories. The
results obtained from this study provide important infor-
mation about the current clinical management of PV in
the USA.

Clinical guidelines for treatment of polycythemia vera
have evolved somewhat over time [14, 15]. As the asso-
ciation of higher hematocrit levels and the risk of throm-
botic events has been further elucidated [16-18], guidance
regarding hematocrit control has become more important.
Our study shows a significant gap between recommended
treatment and actual treatment patterns in a community-
dwelling population. In our study, the majority of high-
risk patients (60%) were managed with phlebotomy
monotherapy as first-line treatment (while hydroxyurea
monotherapy as first-line treatment was used in 30% of
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high-risk patients). These results show a considerably
higher rate of hydroxyurea use compared to a recent large
study by Pemmaraju et al. (N=150,405 Medicare benefi-
ciaries with PV, all high-risk), which reported a 12% rate
of hydroxyurea treatment [19]. An analysis of clinical and
disease characteristics at baseline from the REVEAL study
of 2510 patients with PV and similar characteristics (mean
age of 66.3, 77.3% high-risk), to our study’s overall patient
population (mean age of 63.5, 70.6% high-risk), estimated
that 33.6% of patients were treated with phlebotomy alone,
29.0% with hydroxyurea alone, and 23.7% with both phle-
botomy and hydroxyurea [20].

In our study, 74% of high-risk patients stayed on their
first-line therapy throughout the study period. Among
the 27% of high-risk patients who started on phlebotomy
monotherapy and switched, 63% switched to hydroxyurea
and 34% added hydroxyurea while continuing phlebotomy
treatments. As second- and third-line treatment, hydroxyu-
rea was prescribed to 50% and 48% of high-risk patients,
respectively. Among the low-risk patients who started on
phlebotomy monotherapy and switched, 64% switched to
hydroxyurea and 30% added hydroxyurea while continuing
phlebotomy treatments. Hydroxyurea was prescribed as sec-
ond- and third-line therapies in 26% and 22% of low-risk
patients, respectively.

Our subgroup analysis included 4246 PV patients with
HCT measurements and characteristics similar to those of
the entire cohort in terms of age, percentage of patients with
prior thrombotic events, proportion of high-risk patients,
and patterns of clinical management. Only 25% of patients
in the high-risk group had all HCT measurements <45% in
the 2-year follow-up period, whereas 7% of patients in the
high-risk group were very poorly controlled with all HCT
measurements above 50%, and an additional 38% of patients
had some HCT tests > 50%. These results indicate that, despite
treatment, the majority of high-risk patients were poorly
controlled. The percentage of high-risk patients who did not
meet the NCCN guideline target of HCT <45% in our study
(75%) is considerably higher than the 42.9% rate reported in
the REVEAL study, a difference that could be attributed to
the prospective nature of the REVEAL study which required
physician referral to the study and the fact that all patients had
been treated with hydroxyurea for a minimum of 3 months
[21]. Further analysis of our study results by treatment mode
showed that regardless of treatment received, a sizable propor-
tion of patients (ranging from 29% of high-risk patients taking
hydroxyurea as first-line treatment, to 67% of low-risk patients
treated with phlebotomy as first-line treatment) had at least
one hematocrit measurement above 50% in the study period.
Our study thus confirms and reinforces the findings of the
REVEAL study, according to which a significant percentage
of both high- and low-risk PV patients do not reach the NCCN
target of HCT <45%.

PV patients are at higher risk of thrombotic complications
which are the main cause of mortality [22] and are associ-
ated with higher resource utilization and healthcare costs
[23]. A retrospective study of 1322 PV patients identified in
private insurance data by Parasuraman et al. (2018) reported
that 16.3% of patients experienced thromboembolic events in
the 112-month follow-up period following treatment initia-
tion [23]. A more recent retrospective observational study by
Pemmaraju et al. (2022) analyzed Medicare health claims of
50,405 patients with PV and reported a higher rate (28.4%)
of thrombotic events during a median follow-up period of
34.5 months, with most commonly reported TE events being
ischemic stroke (46.0%), transient ischemic attack (30.7%),
and acute myocardial infraction (29.9%) [19]. The higher
rate of thrombotic event observed in the Pemmaraju (2022)
study may be related to the longer follow-up period of the
study and the higher median age (73 years) of study subjects.

Consistent with these two recently published studies,
thrombotic events were not uncommon in our study, par-
ticularly among patients classified as high-risk. During a
median evaluation period of 808 days (2.2 years), at least
one thrombotic event subsequent to treatment initiation was
reported in 16% of patients overall (20% of high-risk and 8%
of low-risk patients), with stroke (36%), deep vein throm-
bosis (35%), and myocardial infarction (18%) being the
most frequently reported TEs. Our study results are in line
with prior research findings which indicate that PV patients
experience a high rate of thrombotic events irrespective of
treatment pathway, highlighting the need to improve patient
management, even though our study design does not estab-
lish associations between specific treatment pathways and
the risk of thrombotic events.

There are certain limitations of this study that are consist-
ent with the retrospective nature of claims-based analyses
and include the potential for incomplete or missing records
and misdiagnosis of PV, as diagnoses were based solely on
database records. There is also the possibility that throm-
botic events were misdiagnosed, under-diagnosed, or other-
wise, incorrectly reported. Since the dominant data source of
this study is private insurance claims, uninsured patients are
not included, and patients insured by Medicaid or fee-for-
service Medicare are likely to be under-represented. Some
of the treatments for PV are dispensed from specialty phar-
macies, e.g., ruxolitinib, which may not be fully captured
in the Symphony data, so the utilization of these therapies
may be under-reported. Additionally, aspirin is often rec-
ommended to patients without prescription so the available
pharmaceutical data was not considered a reliable source
to assess aspirin use, nor did we attempt to associate the
use of other anti-thrombotic medications with the observed
rates of thrombotic events. Hematocrit data was available on
a limited subgroup of the population, although a compari-
son of baseline characteristics showed similarity between
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the subgroup and the larger patient cohort. Further, the
laboratory values were limited to a single-source outpatient
laboratory provider. While it is reasonable to hypothesize
that patients are likely to use the same commercial labora-
tory provider for repeated outpatient tests, tests run at other
laboratories (including any inpatient or outpatient hospital
laboratory tests) would not be included, and the hypothesis
cannot be tested. The groups of patients receiving different
combinations and sequences of therapies are not matched
cohorts, and results on hematocrit testing displayed in
Figs. 3 and 4 were not segmented before and after therapy
changes. Therapies are changed for many reasons, includ-
ing lack of tolerance or compliance, side effects, inadequate
results, and cost. However, when treatment is initiated on
one therapy and a second therapy is added to it, the dissat-
isfaction with results of the initial therapy alone is the most
logical rationale. Consistent with this theory, we note that
patients who started on hydroxyurea and added phlebotomy
had fewer HCT tests always under 45% compared to patients
managed on hydroxyurea alone (23% vs. 44%, respectively).
In contrast, patients who were initiated with phlebotomy and
subsequently added hydroxyurea had higher overall levels
of guideline-compliance compared to patients managed on
phlebotomy alone (21% vs. 14%). In fact, the most common
therapeutic approach, phlebotomy alone, was associated
with the lowest level of guideline-compliant results (14%)
of all the therapeutic pathways.

Conclusion

These descriptive findings merit more detailed explora-
tion in other studies, but these data do indicate substantial
collective reliance on an established therapy, phlebotomy,
despite a low percentage of patients achieving guideline-
recommended results in hematocrit control, and 8% of low-
risk and 20% of high-risk patients experiencing thrombotic
events despite access to all available treatment options.
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