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Abstract 

Many patients with polycythemia vera switch treatment from hydroxyurea to FDA-approved ruxolitinib. This 

medical chart review of 249 patients investigated reasons for switching treatment and ruxolitinib treatment 
patterns. Most patients became resistant to hydroxyurea. Half of patients initiated ruxolitinib at the recom- 
mended dose, dose modifications were common in the first 6 months, and most patients achieved hematocrit 
control and continued treatment for extended time frames. Appropriate dosing of ruxolitinib early in treatment 
is important for effective long-term treatment. 
Introduction: Approximately one-quarter of patients with polycythemia vera become resistant to and/or intolerant of 
hydroxyurea. This analysis characterizes reasons patients were switched from hydroxyurea to r uxolitinib and descr ibes 
ruxolitinib dosing patterns and outcomes in real-world clinical practice. Patients and Methods: This medical chart 
review of United States community hematology/oncology practices in the Cardinal Health Oncology Provider Extended 

Network included patients with polycythemia vera who were ≥18 years old, received hydroxyurea for ≥3 months, started 

ruxolitinib between January 1, 2015 and December 31, 2016, and had ≥2 visits during the subsequent 6 months. Clinical 
data were collected at predefined intervals from diagnosis to last provider visit. Results: Providers identified 249 patients 
for inclusion. jcauses of hydroxyurea discontinuation were resistance (78%; frequently for hematocrit ≥45% [79%]) and 

intolerance (28%; frequently for nausea/vomiting [50%]). Initial ruxolitinib dosing was 10 mg twice daily (recommended 

dose) in 131 patients (53%). Among these patients, median treatment duration was 29.2 months, 35 (27%) had dose 

modification (increase, n = 24; decrease, n = 11) and 4 had interruptions within 6 months. The most common reason for 
dose increase was continued need for phlebotomy (46%); 6 patients had dose reductions owing to reduced platelets. 
Hematocrit control at initiation and during the first 6 months of ruxolitinib treatment was 15% and 63%, respectively. 
Conclusion: Most patients initiated ruxolitinib upon hydroxyurea resistance. Approximately half initiated ruxolitinib at 
the recommended dose, 27% of whom experienced dosing modifications within the first 6 months. After switching to 

ruxolitinib, most patients achieved hematocrit control and continued treatment for extended time frames. 
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Introduction 

Polycythemia vera (PV) is a Philadelphia chromosome–negative
chronic myeloproliferative neoplasm affecting more than 100,000
people in the United States. 1 The disease is characterized by an
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abnormal increase in red cell mass and the presence of JAK2
V617F or JAK2 exon 12 mutations. 2 Patients with PV are at risk
for thromboembolic events (TEs), premature death, and burden-
some symptoms. 3-5 The goals of PV therapy are to prevent TEs
and hemorrhagic complications and to manage disease-related
symptoms. 6-8 

Hydroxyurea is the recommended first-line treatment for patients
with high-risk PV (age ≥60 years or history of TE) 9 , 10 ; however,
about a quarter of patients become resistant to and/or intolerant
of hydroxyurea. 11 Ruxolitinib, a Janus kinase 1 (JAK1)/JAK2
inhibitor, is currently the only treatment option approved by the
United States Food and Drug Administration for patients with
Clinical Lymphoma, Myeloma and Leukemia 2021 e915 
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PV who are resistant to or intolerant of hydroxyurea. 12 Objectives
of this retrospective medical chart review were to characterize
the reasons patients with PV were switched from hydroxyurea to
ruxolitinib and to describe dosing patterns and clinical outcomes of
ruxolitinib treatment in real-world clinical practice. 

Material and Methods 

Study Design and Patients 
This was a retrospective observational medical chart review of

patients with PV treated at US community hematology/oncology
practices in the Cardinal Health Oncology Provider Extended
Network (OPEN ). OPEN is a community of more than 7000
oncologists, hematologists, and urologists providing care to patients
with cancer; providers are geographically distributed across the
United States and practice in both community and academic
research settings. A central Institutional Review Board approved the
protocol. 

Eligible patients with PV were ≥18 years old at the time of
ruxolitinib initiation (baseline), were treated with hydroxyurea for
≥3 consecutive months followed by ≥3 consecutive months of
treatment with ruxolitinib, started ruxolitinib therapy between
January 1, 2015, and December 31, 2016 (index period), and had
≥2 follow-up visits during the 6 months after ruxolitinib initiation.
Patients were excluded if they had known disease transformation at
the time of ruxolitinib initiation, had been previously enrolled in a
PV-related clinical trial, received hematopoietic stem cell transplant,
or had received any cytoreductive treatment other than hydroxyurea
(eg, interferon, anagrelide, busulfan) before, or in combination with,
ruxolitinib. 

Physicians extracted data for patients under their care, which
were entered into an electronic case report form (eCRF). Data
were collected from the last 3 clinic visits during hydroxyurea treat-
ment, at the time of ruxolitinib initiation (baseline), at each visit
during the first 6 months of ruxolitinib treatment, at the time
of any dosing modification of ruxolitinib, and at discontinuation
or the last provider visit while still receiving ruxolitinib. Baseline
data included patient demographics, laboratory values, history of
TE, hydroxyurea treatment patterns, and the reason for stopping
hydroxyurea. Providers were asked to document the reason ruxoli-
tinib was initiated, laboratory values, and initial dosing and titration
at ruxolitinib initiation. Dosing patterns, frequency of phlebotomy,
type and number of TEs, laboratory results (eg, platelet count, white
blood cell count, hemoglobin, hematocrit), and clinical status were
abstracted from all office visits during the first 6 months and at any
subsequent visit in which the ruxolitinib dose was modified or the
patient discontinued; for patients who did not discontinue, the most
recent 2 visits were used. 

Statistics 
For categorical variables, descriptive statistics were reported,

including frequencies and percentages. For continuous variables,
mean, standard deviation (SD), median, and interquartile range
(IQR) values were calculated. Change in percentage of patients
undergoing phlebotomy procedures after initiation of ruxolitinib
treatment was assessed with the Chi-square test. 
Clinical Lymphoma, Myeloma and Leukemia 2021 
Results 

Patients 
Providers (N = 43) identified for inclusion a total of 249

patients who received hydroxyurea for ≥3 months before discon-
tinuing and initiating subsequent ruxolitinib therapy. Patients were
predominantly male (57.0%), with a mean (SD) age of 65.0
(9.9) years at the time of ruxolitinib initiation ( Table 1 ). Median
(IQR) duration of PV (from diagnosis to last visit or death)
was 51 (38.9-73.7) months. Eighty percent had high-risk PV (ie,
age ≥60 years or history of TE). Cardiovascular disease (CVD)
risk factors were observed for 77.1% of patients, with 51.4%
having ≥2 CVD risk factors and 31.3% having a history of TE
before ruxolitinib initiation. Of the 198 patients (79.5%) with
≥1 phlebotomy recorded at ruxolitinib initiation, approximately
half (52.5%) received phlebotomy once every 4 weeks, and an
additional 46 (23.2%) received phlebotomy once every 2 weeks.
Median hematocrit was 51.0% at the time of ruxolitinib initiation
( Table 1 ). Characteristics for patients initiated on 10 mg ruxolitinib
twice daily (BID; US package insert [PI]–recommended starting
dose for PV treatment) 12 were similar to characteristics of patients
who initiated ruxolitinib at any other dose. 

Hydroxyurea Treatment Patterns 
At the time of hydroxyurea discontinuation, 24.9% of patients

had reached a hydroxyurea dose of ≥2 g/day. The median (IQR)
hydroxyurea treatment duration was 10.8 months (6.0-21.6). The
most common reasons for hydroxyurea discontinuation were resis-
tance (77.9%) and intolerance (28.1%), with 14.1% of patients
having disease that was classified as both resistant and intol-
erant. Other reported reasons for hydroxyurea discontinuation
included patient choice (22.5%); neutropenia and leukopenia
(0.8% each); and leukocytoclastic vasculitis, myocardial infarction,
patient request for ruxolitinib, persistent symptoms, rash, recurrent
deep vein thromboses, and transient ischemic attack (0.4% each).
Resistance was most frequently due to hematocrit level at or above
45% (78.9%) and/or persistent PV-related symptoms (63.4%;
Figure 1 ). Intolerance was most frequently due to nausea/vomiting
(50.0%) and/or stomatitis (37.1%). 

Ruxolitinib Treatment Patterns 
Patients Treated With the Recommended Ruxolitinib Starting Dose.

A total of 131 patients (52.6%) initiated ruxolitinib at the US PI–
recommended dose of 10 mg BID ( Figure 2 ). Among these patients,
the median (IQR) ruxolitinib treatment duration was 29.2 months
(11.2-37.1; Table 2 ). Among patients who discontinued ruxolitinib,
treatment duration was 10.5 months (6.6-17.1), and among those
who remained on ruxolitinib treatment, it was 35.8 months (31.4-
43.8). 

During the first 6 months of ruxolitinib treatment, 24 patients
(18.3%) had 29 dose increases, and 11 patients (8.4%) had 13 dose
decreases (no patient had both a dose increase and decrease; Table 2 ).
Among patients with dose increases, the most common reasons for
an increase were continued need for phlebotomy (45.8%) or persis-
tent PV symptoms (37.5%); for dose decreases, low platelet counts
(54.5%) and low hemoglobin (27.3%) were the most common
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Table 1 Patient Demographic and Clinical Characteristics at the Time of Ruxolitinib Initiation 

Characteristic Ruxolitinib Dose at Initiation All Patients 
(N = 249) 10 mg BID 

a 

(n = 131) 
Doses Other Than 10 mg 

BID (n = 118) 
Age, mean (SD), y 66.9 (9.1) 62.8 (10.4) 65.0 (9.9) 
Male, n (%) 80 (61.1) 62 (52.5) 142 (57.0) 
Polycythemia vera risk, n (%) 

High 115 (87.8) 85 (72.0) 200 (80.3) 
Low 16 (12.2) 33 (28.0) 49 (19.7) 

JAK2 V617F mutation testing, n (%) 
Positive 131 (100.0) 112 (94.9) 243 (97.6) 
Negative 0 2 (1.7) 2 (0.8) 
Inconclusive 0 1 (0.8) 1 (0.4) 
Data not available 0 3 (2.5) 3 (1.2) 

Cardiovascular risk factors, n (%) 
0 17 (13.0) 40 (33.9) 57 (22.9) 
1 29 (22.1) 35 (29.7) 64 (25.7) 
≥2 85 (64.9) 43 (36.4) 128 (51.4) 

Patients with history of thromboembolic event before ruxolitinib, n (%) 46 (35.1) 32 (27.1) 78 (31.3) 
Frequency of phlebotomy at ruxolitinib initiation, n (%) 

Once every 2 wk 20 (15.3) 26 (22.0) 46 (18.5) 
Once every 4 wk 58 (44.3) 46 (39.0) 104 (41.8) 
Once every 3 mo 21 (16.0) 17 (14.4) 38 (15.3) 
Other 8 (6.1) 2 (1.7) 10 (4.0) 

Not receiving phlebotomy 24 (18.3) 27 (22.9) 51 (20.5) 
Hematologic parameters at ruxolitinib initiation, median (IQR) 

Hematocrit, % 51.0 
(48.0–54.9) 

51.0 
(45.2–55.0) 

51.0 
(47.0–55.0) 

Platelet count, × 10 9 /L 425.0 
(220.0–587.0) 

479.5 
(290.0–650.0) 

450.0 
(250.0–620.0) 

Hemoglobin, g/dL 17.0 
(15.7–18.0) 

16.3 
(14.0–17.9) 

16.7 
(15.0–18.0) 

WBC count, × 10 9 /L 11.0 
(7.0–14.5) 

12.0 
(8.0–15.0) 

12.0 
(7.3–15.0) 

a US package insert–recommended starting dose for PV treatment. 
BID = twice daily; IQR = interquartile range; SD = standard deviation; WBC = white blood cell. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

reasons. In addition, during the first 6 months of ruxolitinib treat-
ment, 4 patients (3.1%) had a total of 4 dose interruptions, with
adverse event (2 patients [platelet count, n = 2; complete neutrophil
count, n = 1]) as the most common reason for dose interruption.
There were no dose reductions after interruptions during the first 
6 months of ruxolitinib treatment. 

All Patients. Regardless of starting dose, patients had more dose
modifications (increases or decreases) in the first 6 months of ruxoli-
tinib treatment (all patients, 23.3%; 10 mg BID, 26.7%; Table 2 )
and fewer dose modifications after 6 months (all patients, 12.9%; 10
mg BID, 11.5%). Lower rates of dose interruption were observed
overall with slightly fewer interruptions in the first 6 months (all
patients, 2.0%; 10 mg BID, 3.1%) and more after 6 months (all
patients, 2.4%; 10 mg BID, 3.8%). 
At the time of the last visit, 61.4% of patients were still receiving
ruxolitinib ( Table 2 ). The majority of patients (all patients, 66.7%;
10 mg BID, 58.1%) who discontinued ruxolitinib had no dose
changes from the time of initiation to discontinuation. 

Hematocrit Control 
The percentage of patients with hematocrit control (hemat-

ocrit < 45%) at the time of ruxolitinib treatment initiation was
18.9%, compared with 63.1% at any time during the first 6
months of ruxolitinib treatment and 56.2% at the time of the last
visit ( Table 2 ). In addition, patients underwent significantly fewer
phlebotomy procedures during ruxolitinib treatment compared with
before ruxolitinib initiation. At initiation of ruxolitinib, 79.5%
(n = 198) of all patients were receiving phlebotomies; in contrast,
49.5% of patients with an office visit between 1 and 30 days after
ruxolitinib treatment initiation underwent a phlebotomy procedure,
Clinical Lymphoma, Myeloma and Leukemia 2021 e917 
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Figure 1 Rationale for treatment discontinuation among patients resistant to or intolerant of hydroxyurea . ∗ Multiple reasons for 
intolerance or resistance could be reported for each patient. Hct, hematocrit; PV, polycythemia vera; WBC, white blood 
cell. 

Figure 2 Ruxolitinib starting dose . ∗ US prescribing information–recommended starting dose for polycythemia vera treatment. 
† One patient (0.4%) initiated ruxolitinib treatment at an unknown dose. BID, twice daily. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

e918 
with phlebotomy requirement decreasing over time ( P < .0001 vs
baseline; Figure 3 ). 

Discussion 

This analysis of modern real-world practice patterns in the United
States offers numerous important and practical findings concerning
patients with PV who were switched from hydroxyurea to ruxoli-
tinib. Most notably, the majority of hydroxyurea discontinuations
were due to resistance, and only a quarter of the patients who
discontinued hydroxyurea because of resistance received a hydrox-
yurea dose of ≥2 g/day. The observations are notable despite limita-
tions inherent in retrospective chart abstraction studies, including
the potential for patient selection bias, information bias (related
to the availability and quality of data contained within the patient
Clinical Lymphoma, Myeloma and Leukemia 2021 
charts), and misclassification bias (related to the interpretation by
the provider of the intent of the questions or data points collected
through the eCRF). 

In this cohort, 78% of hydroxyurea discontinuations were due to
resistance. This value is in agreement with a previous chart review
on hydroxyurea treatment in patients with PV conducted in 2014,
in which 229 of 1309 patients discontinued hydroxyurea. In that
study, hydroxyurea resistance was also a common cause for treat-
ment discontinuation (uncontrolled hematocrit, 23%; uncontrolled
hemoglobin, 18%; uncontrolled platelet count, 11%; progression
to fibrotic stage, 7%; development of thrombocytopenia, 7%); an
overall discontinuation rate related to hydroxyurea resistance could
not be reported because categories were not mutually exclusive. 13

Guidelines from European LeukemiaNet available at the time of the
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Table 2 Ruxolitinib Dosing Patterns and Hematocrit Control 

Ruxolitinib Dose at Initiation All Patients 
(N = 249) 

10 mg BID 

a 

(n = 131) 

Doses Other 
Than 10 mg BID 

(n = 118) 
Duration of ruxolitinib treatment, median (IQR), mo 29.2 (11.2–37.1) 35.3 (19.0–42.9) 31.4 (14.5–40.4) 

Patients with dosing modifications during initial 6 mo of ruxolitinib treatment, n (%) 35 (26.7) 23 (19.5) 58 (23.3) 

Increase in dose b 24 (18.3) 3 (2.5) 27 (10.8) 

Continued need for phlebotomy to maintain Hct < 45% 11 (8.4) 1 (0.8) 12 (4.8) 

Persistent PV symptoms 9 (6.9) 0 9 (3.6) 

Persistent splenomegaly 2 (1.5) 2 (1.7) 4 (1.6) 

Maintain Hct < 42% 1 (0.8) 0 1 (0.4) 

Leukocytosis 1 (0.8) 0 1 (0.4) 

Decrease in dose b 11 (8.4) 20 (16.9) 31 (12.4) 

Reduced platelet count 6 (4.6) 15 (12.7) 21 (8.4) 

Reduced Hgb 3 (2.3) 5 (4.2) 8 (3.2) 

Adverse event 0 1 (0.8) 1 (0.4) 

Nausea/vomiting 1 (0.8) 0 1 (0.4) 

Patient doing well but WBC count trending down 1 (0.8) 0 1 (0.4) 

Patients with dose interruptions, n (%) 4 (3.1) 1 (0.8) 5 (2.0) 

Adverse event 2 (1.5) 1 (0.8) 3 (1.2) 

Patient request 1 (0.8) 0 1 (0.4) 

Lung cancer 1 (0.8) 0 1 (0.4) 

Patients with Hct control, n (%) c 

At ruxolitinib initiation 19 (14.5) 28 (23.7) 47 (18.9) 

During first 6 mo of ruxolitinib treatment 82 (62.6) 75 (63.6) 157 (63.1) 

At last visit 70 (53.4) 70 (59.3) 140 (56.2) 

Remained on ruxolitinib at cutoff, n (%) 69 (52.7) 84 (71.2) 153 (61.4) 

Discontinuation of ruxolitinib, n (%) 62 (47.3) 34 (28.8) 96 (38.6) 

Time to ruxolitinib discontinuation, median (IQR), mo d 10.5 (6.6–17.1) 11.7 (6.1–18.0) 10.9 (6.3–17.4) 

a US package insert–recommended starting dose for PV treatment. 
b More than one reason could be cited for dose modification. 
c Hct control is defined as Hct < 45%. 
d Values indicate numerical median among patients who discontinued ruxolitinib and do not reflect treatment duration for the entire population. 
BID = twice daily; Hct = hematocrit; Hgb = hemoglobin; IQR = interquartile range; PV = polycythemia vera; WBC = white blood cell. 

Figure 3 Percentage of patients undergoing phlebotomy procedures after initiation of ruxolitinib treatment. ∗ P < .0001 versus 
baseline. 

Clinical Lymphoma, Myeloma and Leukemia 2021 e919 



Real-World Dosing Patterns of Ruxolitinib in Patients 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

e920 
study period defined hydroxyurea resistance as a lack of response
(ie, hematocrit < 45%, uncontrolled myeloproliferation, or failure
to reduce massive splenomegaly or relieve splenomegaly symptoms)
after 3 months of hydroxyurea at a dose of ≥2 g/day. 14 In this
analysis, only a quarter of the patients who discontinued hydrox-
yurea because of resistance received a hydroxyurea dose of ≥2 g/day,
which suggests that this guideline-referenced daily dose may not be
relevant in real-world clinical practice. Reasons for lack of guideline-
concordant dosing cannot be determined from this chart review, but
this observation is similar to findings from a prospective observa-
tional study (REVEAL), in which only 89 of 1381 patients with
PV (6.4%) treated with hydroxyurea for ≥3 months received a
maximum dose of 2 g/day. 15 

All patients in the current study of community hematol-
ogy/oncology practices received ruxolitinib after discontinuing
hydroxyurea, roughly half of whom (53%) initiated ruxolitinib at
the US PI–recommended dose of 10 mg BID. 12 Although lower
doses are recommended under certain circumstances (ie, for patients
with renal or hepatic impairment), only 3% of patients initiated
ruxolitinib at a dose lower than 10 mg BID, whereas 44% of patients
received an initial ruxolitinib dose higher than 10 mg BID, which
is not supported by the US PI. This is in contrast to a separate
retrospective analysis by Coltoff et al. of patients with PV treated
with ruxolitinib at academic centers in the United States between
2011 and 2018 (N = 126), which reported most patients initi-
ated ruxolitinib at 10 mg BID (71%) or a lower dose (5 mg BID,
14%; 15 mg BID, 7%; 20 mg BID, 4%). 16 Among patients in the
current study who initiated ruxolitinib at a dose of 10 mg BID,
nearly a third (30%) underwent dose modifications (primarily dose
increases) or interruptions during the initial 6 months of treatment.
Notably, among patients who discontinued ruxolitinib, the major-
ity had no dose modifications during their treatment, regardless of
starting dose, suggesting a need for improved dose optimization in
this population. Dose modifications were also common in the analy-
sis by Coltoff et al., with 34% of patients receiving 10 mg BID at
Week 32, 22% receiving 15 mg BID, 15% receiving 5 mg BID, and
12% receiving 20 mg BID. 16 

Ruxolitinib may be associated with disease control for some
patients in real-world settings. Ruxolitinib efficacy in this study of
patients in community hematology and/or oncology practices was
evaluated using hematocrit control (hematocrit < 45%), based on
a similar measure used as part of the composite primary endpoint
in the phase 3 RESPONSE trial (hematocrit control, defined as
protocol-specified ineligibility for phlebotomy from Week 8 to 32
and ≤1 instance of phlebotomy eligibility between randomization
and Week 8). 17 The rate of hematocrit control observed at any time
during the first 24 weeks of this real-world study was similar to
the 32-week efficacy reported in the RESPONSE trial (60%). The
retrospective analysis in academic centers by Coltoff et al. reported
a similar clinical benefit, with 56% of evaluable patients (53/94)
having no phlebotomy requirement at the 32-week follow-up time
point. 16 Furthermore, in both the current study and the previous
retrospective study, ruxolitinib treatment duration was long (median
duration, 31.4 and 22.4 months, respectively), with the majority of
patients continuing ruxolitinib treatment (61% and 86%, respec-
tively) at the end of the study observation period. 
Clinical Lymphoma, Myeloma and Leukemia 2021 
Conclusions 

In conclusion, this retrospective medical chart review of real-
world United States clinical practice data analyzed patients with
PV who switched from hydroxyurea to ruxolitinib. Resistance to
hydroxyurea was the primary reason for switching therapy to ruxoli-
tinib. After switching to ruxolitinib, most patients achieved hemat-
ocrit control and continued treatment for extended time frames.
Among those who discontinued ruxolitinib, most did so without
any dose modifications. The results of this analysis further suggest
that a proper starting dose and active titration during the first
6 months of ruxolitinib treatment are likely important for optimal
long-term treatment. 

Clinical Practice Points 
Hydroxyurea is the recommended first-line treatment for patients

with high-risk polycythemia vera (PV; age ≥60 years or history of
thromboembolic events); however, approximately 1 in 4 patients
become resistant to and/or intolerant of hydroxyurea. The Janus
kinase 1 (JAK1)/JAK2 inhibitor ruxolitinib is FDA-approved for the
treatment of patients with hydroxyurea-resistant/intolerant PV. This
retrospective study used real-world data to characterize the reasons
patients switched from hydroxyurea to ruxolitinib and describes
ruxolitinib dosing patterns and limited treatment outcomes. Most
patients discontinued hydroxyurea because of resistance, and did
so before receiving a dose of 2 g/day, suggesting this guideline-
referenced dose may not be relevant in the real world. Approximately
half of the patients initiated ruxolitinib at the recommended dose
(10 mg twice daily), with most dose modifications and interruptions
occurring in the first 6 months. Most patients achieved hematocrit
control on ruxolitinib and continued treatment for extended time
frames. The majority of patients who discontinued ruxolitinib did
not have dose modifications. These results suggest that the proper
starting dose and active titration during the first 6 months of ruxoli-
tinib treatment may be important to achieve optimal outcomes. 
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