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1 | INTRODUCTION

Polycythemia vera (PV) is a BCR-ABL1-negative myeloproliferative
neoplasm (MPN) associated with dysregulated Janus kinase (JAK) sig-
naling pathways, specifically JAK1 and JAK2. The predominant charac-
teristic of PV is an increase in red blood cell (RBC) mass but increased
white blood cell (WBC) and platelet count are common as well.1™*
Patients with PV have an increased risk of morbidity and mortality
relative to the respective general population (e.g., same sex/age), often
resulting from thromboembolic events or fibrotic progression/leukemic
disease evolution. PV is associated with a substantial symptom burden,
most commonly pruritus and fatigue, affecting patients' quality of life.
Additionally, 30%-40% of PV patients may experience splenomegaly.>”
It has been demonstrated that PV patients with a hematocrit level <45%
suffer four times fewer thromboembolic events compared to those

I,lO

unable to reach hematocrit control,™ recommending a hematocrit level

<45% to prevent thromboembolic events. Platelet aggregation inhibition
is also widely recommended to prevent thromboembolic events.**12

The choice of treatment for PV is based on the individual patient's
risk.* Globally, hydroxyurea (HU) is the most common first-line treat-
ment for high-risk patients with PV (patients aged >60 years and/or
with a history of thromboembolic events).'®*'* However, the PV-
associated symptom burden is frequently not well controlled with HU
treatment as demonstrated by the high Myeloproliferative Neoplasm
Symptom Assessment Form Total Symptom Score (MPN-SAF TSS) in
patients with HU treatment (range, 27.7-32.5; the mean MPN-SAF
TSS of patients with PV is 21.8).2>¢ Furthermore, HU treatment can
be associated with toxicities which necessitate discontinuation of
HU,*>17 and approximately 15%-24% of patients become HU resis-
tant or intolerant.'®1? Finally, HU resistance correlates with reduced
survival and risk of progression to myelofibrosis and acute myeloid
leukemia.>'® The European LeukemiaNet (ELN) 2021 recommenda-
tions advocate the replacement of HU with another cytoreductive
agent for PV patients who develop HU intolerance, indicated by
hematological/non-hematological (prolonged grade 2 or grade 3-4)
toxicity or inappropriate clinical response to HU (21.5 g/day) for
<4 months.2° For the treatment of adult PV patients resistant and/or
intolerant to HU, ruxolitinib, a targeted JAK1/JAK2 therapy, was
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Overall, 68.2% of patients achieved hematocrit control with 92.3% patients having
hematocrit <45% and 35.4% achieved hematologic remission at month 24. 85.1% of
patients had no phlebotomies during the study. Treatment-related adverse events
were reported in 54.3% of patients and the most common event was anemia (22.6%).
Of the 10 reported deaths, two were suspected to be study drug-related.

Conclusion: This study demonstrates that ruxolitinib treatment in PV maintains dura-
ble hematocrit control with a decrease in the number of phlebotomies in the majority

of patients and was generally well tolerated.

hematocrit, phlebotomy, polycythemia vera, ruxolitinib, splenomegaly

approved by the United States Food and Drug Administration (FDA)
in December 2014 and by the European Medicines Agency (EMA) in
January 2015. Approval of ruxolitinib has been granted based on the
RESPONSE and RESPONSE-2 clinical studies in which significantly
more patients who were treated with ruxolitinib achieved hematocrit
control compared to the best available treatment.?%?? However, it is
important to gain insights into treatment administration and outcomes
in the real-world setting beyond the clinical experience of registra-
tional trials. Here, we present the final results from a non-
interventional study to gain an understanding of the profile and the
disease burden of patients with PV who were resistant and/or intoler-
ant to HU and treated with ruxolitinib according to the respective

approved local label and daily practice in Europe.

2 | MATERIALS AND METHODS

21 | Study design

This phase IV, European, multicenter, non-randomized, observational
study assessed the efficacy and safety of ruxolitinib in PV patients,
with a minimum 24-month follow-up after treatment initiation
(Figure S1). Patients were enrolled across 88 sites in 10 European
countries. The recommended starting dose of ruxolitinib was 10 mg,
administered orally twice daily as per the approved label. The study
was conducted in accordance with the principles of the Declaration of
Helsinki criteria. The protocol was approved by the relevant indepen-
dent review board/independent ethics committee/research ethics
board at each participating center. The selection of the participating
centers was based on their ability to recruit patients and provide reim-
bursed access to therapies. The study was funded by Novartis Pharma
AG/Region Europe.

2.2 | Study population

Eligibility criteria were adult patients aged 218 years with a diagnosis
of PV according to the 2008 World Health Organization (WHO)
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criteria, who were resistant/intolerant to HU (Supplementary appen-
dix; Data S1) and treated with ruxolitinib according to the approved
local label. The WHO (2008) diagnostic parameters for PV were an
accurate reflection at the time of the start of the study and recognized
by the investigators, who accepted and conducted the trial. As
defined by the inclusion and exclusion criteria of the study protocol,
patients with a short course of ruxolitinib treatment could be
included, to evaluate a larger cohort of PV patients since ruxolitinib
has recently been approved in multiple participating countries.
Accordingly, in addition to the prospective patients who were going
to be prescribed ruxolitinib, retrospective patients who had already
initiated treatment <6 months before the date of the informed con-
sent signature were also included.

Data from these patients were retrospectively collected from the
period prior to starting ruxolitinib, and their prospective observational
period was to last until a total of 24 months (between retrospective and
prospective) was reached. Signed informed consent was collected from
all patients prior to entering the study. Patients were managed at the dis-
cretion of the treating physician following the approved local label and
the local treatment recommendations in terms of visit frequency and
types of assessments performed. Access to ruxolitinib was limited to
patients resistant or intolerant to HU in 9 of 10 countries, whereas
patients in Switzerland resistant or intolerant to any cytoreductive treat-
ment (e.g., interferon) prior to ruxolitinib qualified for enrollment.

Pregnancy, lactation, women of childbearing potential who were
not on effective contraception during the treatment period, and
hypersensitivity to the active substance or to any of the excipients

listed in the approved label were exclusion criteria.

2.3 | Objectives and assessments
The primary objective of the study was to describe the profile and dis-
ease burden of PV patients with HU resistance and/or intolerance
who were treated with ruxolitinib according to the respective
approved local label in daily practice in Europe.

The secondary objectives included the evaluation of the effec-
tiveness and safety of ruxolitinib, characterizing the clinical routine
management of patients, the impact of ruxolitinib from a pharmacoe-
conomic perspective (i.e., frequency and reasons for hospitalization),
and the evaluation of the cardiovascular risk in PV patients who are
resistant and/or intolerant to HU.

The primary variables were collected as baseline data prior to
and on the day of the first dose of ruxolitinib. The secondary vari-
ables were collected during the period of treatment after the first
dose of ruxolitinib.

Patient-reported outcomes were assessed with the MPN-SAF
TSS, the Pruritus Symptom Impact Scale (PSIS), and the EuroQol-5
dimension-5 level (EQ-5D-5L) and work productivity and activity
impairment: polycythemia vera (WPAI: PV) questionnaires.'®?% PSIS
questionnaire is presented as Table S1.

Hematocrit control was defined by the absence of phlebotomy eli-

gibility (hematocrit <45%) starting at week 8 and continuing through all
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subsequent time points, with no more than one phlebotomy eligibility
occurring post-enrollment and prior to week 8.

Hematology parameters include hematocrit (%), RBC count, RBC
distribution width (%), hemoglobin (g/L), WBC (total/ 10°/L) with dif-
ferential count, and platelet counts (10°/L).

Phlebotomy eligibility was defined by confirmed hematocrit
>45% that was at least 3% higher than the hematocrit obtained at
baseline or confirmed hematocrit >48%.

Complete hematologic remission at any time point (starting at
week 8) was defined by hematocrit control, WBC count <10 x 10%/L,
and platelet count <400 x 10°/L.

Spleen enlargement (cm) was assessed by manual palpation.

Safety assessments included vital signs, evaluation of frequency
of adverse events (AEs) and serious adverse events (SAEs) and con-
comitant medications/therapies used to treat them, incidence of the
major adverse cardiovascular event (MACE; a clinical composite
endpoint of cardiovascular death, nonfatal myocardial infarction, and
nonfatal stroke), dosing and dose modifications, and treatment discon-
tinuation or interruption and reason for permanent discontinuation or
interruption.

Patients were treated according to the routine medical practice of
the treating physician in terms of visit frequency and types of assess-
ments performed. The treating physician was asked to complete the
appropriate case report form (CRF) at every patient visit.

Final analysis was performed when the last patient completed the
24-month observation period or prematurely discontinued.

24 | Statistical analyses

Data were summarized with respect to demographic and baseline
characteristics, safety observations, and measurements, as well as
effectiveness assessments using descriptive statistics. Categorical data
are presented as frequencies and percentages. Continuous variables
were summarized by mean, standard deviation, minimum, median, and
maximum. Baseline assessment refers to the last assessment prior to
the patient's first recorded dose of ruxolitinib. No statistical hypothe-
ses were tested.

3 | RESULTS

3.1 | Patients' disposition, demographics, and
disease history

A total of 357 patients were screened, of which 351 patients com-
pleted the screening phase and were treated with ruxolitinib. Six
patients completed the screening phase and were not treated, reasons
for which were not recorded on the CRF (Figure 1). Of the 351 patients
treated, one patient started ruxolitinib 210 days prior to the informed
consent and therefore was not included in the enrolled set.

Of the 350 patients enrolled and treated with ruxolitinib in the
study, 197 retrospective patients (56.3%) had been treated within
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Assessed for eligibility in screening phase
(N=357)

——P Completed screening phase, not treated (n=6)*

Completed screening phase, treated
(N=351)

b Excluded (n=1; started ruxolitinib 210 days prior

to the informed consent)

|

» Patients treated (N=350)
— Completed 24 months of treatment
(n=229)t+

FIGURE 1

:

Discontinued from study without giving reason (n=60)*
Discontinued from study with reason for discontinuation
given (n=67)*

— Physician decision (n=18)

— Lost to follow-up (n=14)

— Patient/guardian decision (n=8)

— Death (n=8)**

— New therapy for study indication (n=7)

— Progressive disease (n=6)

— Study terminated by sponsor (n=4)

— Withdrawal of informed consent (n=2)

Screening phase patient disposition. n, number of subjects where data were recorded; N, number of subjects in the relevant

analysis set. *Reasons were not recorded on case report form (CRF). fCompleted 24 months of treatment is defined as 104 weeks on treatment.
On-treatment duration is defined as (last date of treatment—first date of treatment) + 1. *A patient can be included in both the counts for
“completed 24 months of treatment” and “discontinued from study”. **The counts for discontinuation category of death only include patients
who discontinued due to death and may not contain all adverse events of death.

6 months of signing the informed consent, and 153 prospective
patients (43.7%) had been treated after signing the informed consent.
At the predetermined cutoff date of the study, a total of 229 (65.4%)
patients had completed the total 24-month observation period and
67 (19.1%) patients discontinued the study.

The median age of patients was 68.0 years and the majority
(n = 245, 70.0%) were >60 years of age. Most patients were male
(n = 195, 55.7%) and Caucasian (n = 259, 74.0%). The median weight
was 74.0kg (n = 163), and median body mass index (BMI) was
25.974 kg/m? (n = 88) (Table 1).

3.2 | Concomitant medications

The most commonly (>10%) reported concomitant medications by
preferred term after starting treatment with ruxolitinib included acet-
ylsalicylic acid (n = 215, 61.4%), HU (n = 115, 32.9%), allopurinol
(h =92, 26.3%), paracetamol (n = 54, 15.4%), pantoprazole sodium
sesquihydrate (n = 49, 14.0%), omeprazole (n = 42, 12.0%), and acy-
clovir (n = 37, 10.6%). These co-medications were administered as
per the clinicians' decision, which affirmed the additional value of rux-

olitinib in this patient subgroup. The predominant reasons for

concomitant HU administration were: (1) hydroxycarbamide termi-
nated and ruxolitinib initiated on the same day, (2) hydroxycarbamide
initiated after initiating ruxolitinib, (3) hydroxycarbamide initiated after
terminating ruxolitinib, or (4) end date of hydroxycarbamide treatment
was unknown. In total, 145 (41.4%) patients received concomitant
medications affecting the blood and blood forming organs of the body
with 34 (9.7%) patients receiving clopidogrel.

3.3 | Primary variables

3.3.1 | Baseline characteristics and disease history

At baseline, 345 patients (98.6%) were resistant or intolerant to HU
treatment. The majority (n = 222, 63.4%) of patients were intolerant
to HU treatment, 57.7% (n = 202) were resistant to HU, and 23.4%
(n = 82) were both resistant and intolerant to HU. Resistance to HU
was observed in the following patients: (1) patients (n = 198, 57.2%)
who had undergone at least 12 weeks of HU (2 g/day) treatment or at
the maximally tolerated dose; (2) patients (n = 148, 42.8%) who had
the need for phlebotomy to maintain their hematocrit levels below

45%; (3) patients (n = 91, 26.3%) with uncontrolled myeloproliferation
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TABLE 1

Baseline characteristics

Age, years, median
(min-max)

Age, >60 years, n (%)
Female, n (%)
Male, n (%)
Race, n (%)

Caucasian

Unknown

Other

Duration of PV, months,
median (min-max)

Medical history of patients,
n (%)

Thromboembolic events

Neoplasms benign,
malignant, and
unspecified (including
cysts and polyps)

Infections and infestations
Disease characteristics
Resistance and/or intolerance to HU?, n (%)
HU intolerant
HU resistant
HU resistant and intolerant
Hematocrit, %, N (mean + SD)
Hematocrit category, n (%)
<40%
240%-<45%
>45%-<48%
248%
WBC, x10%/L, N (mean * SD)
WBC count category, x10°/L, n (%)
<10
>10-<15
>15
Platelet count, x10%/L, N (mean # SD)
Platelet count category, x10%/L, n (%)
<100
>100-<400
2400-<600
2600
Red blood cell count, x10*2/L, n (mean + SD)
Hemoglobin, g/L, n (mean + SD)

Phlebotomies 12 months prior to first dose
of ruxolitinib, n (%)

0
<2
>2-<4
>4-<6
>6-<8
>8
Splenomegaly, n (%)
No enlargement (0 cm)
Mild (<4 cm)

Baseline patient characteristics.

N =350
68.0 (27-90)

245 (70.0)
155 (44.3)
195 (55.7)

259 (74.0)
36 (10.3)
55(15.7)

74.0 (0.5-449.0)

45 (12.9)
N = 350
345 (98.6)
222 (63.4)
202 (57.7)
82 (23.4)
318 (45.1 £ 4.9)
N =318
39 (12.3)
115 (36.2)
70 (22.0)
94 (29.6)
318 (11.9 + 8.5)
N =318
173 (54.4)
71(22.3)
74 (23.3)
316 (420.9 + 249.7)
N =316
7(2.2)

N =337

142 (42.1)
88 (26.1)
57 (16.9)
29 (8.6)
10(3.0)
11(3.3)

N =164
81 (49.4)
36 (22.0)

(Continues)
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TABLE 1 (Continued)

Splenomegaly, n (%) N = 164
Moderate (4-8 cm) 27 (16.5)
Massive (>8 cm) 20(12.2)

ECOG performance status, n (%)

Grade O 106 (67.9)
Grade 1 49 (31.4)
Grade 2 0
Grade 3 1(0.6)
Grade 4 0

N = 350

Relevant medical histories, n (%) 312(89.1)
Surgical and medical procedures, n (%) 256 (73.1)
Phlebotomy, n (%) 211 (60.3)

Current medical conditions, n (%) 324 (92.6)
Vascular disorders 215 (61.4)
Hypertension 202 (57.7)

Non-melanoma skin cancer history, n (%) 17 (4.9)

Previous infectious diseases, n (%) 51 (14.6)

Summary of PV history, n (%)

Bone marrow biopsy 221 (63.1)
Reticulin fibrosis, Grade®

Grade O 94 (26.9)

Grade 1 104 (29.7)

Grade 2 10(2.9)

Grade 3 2(0.6)
Hypercellular bone marrow 182 (52.0)
Genetic analysis 326 (93.1)

JAK2 V617F mutation 325 (92.9)
JAK2 exon 12 mutation 18 (5.1)
JAK2 V617F allelic burden, n (mean + SD) 94 (49.3 + 26.8)

Framingham cardiovascular risk score, n (%)

<10% 14 (4.0)

210%-<20% 1(0.3)
SCORE risk, n (%)

<5% 10 (2.9)

25% 7(2.0)

Note: The denominator used for percentages is the number of non-missing
data. Concomitant or prior medications were coded using the WHO Drug
Reference List. Medical history/current medical conditions and AEs were coded
using the MedDRA terminology.

Abbreviations: AE, adverse event; BMI, body mass index; CRF, case report
form; ECOG, Eastern Cooperative Oncology Group; HU, hydroxyurea;
MedDRA, Medical Dictionary for Regulatory Activities; n, number of subjects
where data were recorded; N, number of subjects in the relevant analysis set.
PV, polycythemia vera; SCORE, systematic coronary risk evaluation; SD,
standard deviation; WBC, white blood cell; WHO, World Health Organization.
?Resistance and/or intolerance to HU is reported from the “Assessment of
Resistance/Intolerance to HU” CRF. Patients can be counted as both
resistant/intolerant to HU, and other cytoreductive therapy other than HU.
PPV patients with grade 2-3 fibrosis were included in the study by the
prescribing hematologists.

(defined as platelet count >400 x 10%/L and WBC count >10 x 10%/L);
(4) patients (n = 60, 17.3%) with failed massive splenomegaly reduction
by >50% (as measured by palpation); and (5) patients (n = 43, 12.4%)
with failure to completely relieve symptoms related to splenomegaly.

Intolerance to HU was observed in the following patients: (1) patients
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FIGURE 2 (A)Mean (+SE) hematocrit (%) by visit; (B) Comparison of phlebotomies before and after 24 months treatment with ruxolitinib.

Prior refers to the period of 12 months preceding the first dose of ruxolitinib. PO, P1-2, and P > 3 is the number of phlebotomies. n, number of
subjects where data were recorded; N, number of subjects in the relevant analysis set; SE, standard error.

(n = 6, 1.7%) with absolute neutrophil count <1 x 10”/L (platelet count
<100 x 10%/L [n =15, 4.3%], hemoglobin level < 10 gm/dL [n =38,
2.3%]) at the lowest dose of HU required to achieve a complete or partial
clinicohematologic response and (2) patients (n = 207, 59.8%) with the
presence of leg ulcers or other HU-related non-hematologic toxicities,
such as mucocutaneous manifestations, gastrointestinal symptoms, pneu-
monitis, or fever at any dose of HU. Table S2 describes the intolerant/
resistant assessment in 350 patients who received ruxolitinib therapy.

In the 350 enrolled patients, reasons for treatment switch
included resistance to previous treatment (n = 109, 31.1%), intoler-
ance to previous treatment (n = 190, 54.3%), unsatisfactory response
to previous treatment (n =47, 13.4%), and other reasons (n =4,
1.1%). The median time since diagnosis of PV was 74.0 (min-max,
0.5-449.0) months. Most patients (59.4%) had received 21 phlebot-
omy in the 12 months prior to the first dose of ruxolitinib. The median
hematocrit value at baseline was 45.2% and 29.6% of patients had a
hematocrit value 248%. (Figure 2A). The median RBC count was
5.2 x 10'%/L and the median hemoglobin value was 141.0 g/L
(Figure 3A). The median WBC count was 9.4 x 10°/L, and 23.3%

patients had a WBC count >15 x 10°/L (Figure 3B). The median
platelet count was 362.5 x 10?/L, and 19.6% had a platelet count
2600 x 10%/L (Figure 3C). Of the 164 patients with spleen measure-
ment by palpation, 49.4% patients had no spleen enlargement and
28.7% had moderate (4-8 cm) or massive (>8 cm) splenomegaly
(Figure 4). Of the 47 patients with moderate or massive splenomegaly,
bone marrow sampling was done to exclude the diagnosis of post-PV
myelofibrosis. The Eastern Cooperative Oncology Group (ECOG) per-
formance status grade was O for 106 patients (67.9%) (Table 1).

At baseline, 89.1% (n = 312) of patients had relevant medical his-
tories by primary system organ class, of these 73.1% (n = 256) had
surgical and medical procedures. The most commonly (>10%) reported
relevant medical histories by preferred term included phlebotomy
(n = 211, 60.3%). Current medical conditions were reported in 92.6%
(n = 324) of patients, of which 61.4% (n = 215) had vascular disorders
(Table 1). The most commonly (>10%) reported current medical condi-
tions by preferred term included hypertension (n = 202, 57.7%) and
splenomegaly (n = 57, 16.3%). Prior to study entry, 4.9% (n = 17) of
patients had non-melanoma skin cancer history, 14.6% (n = 51) had
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previous infectious diseases, and 19.7% (n = 69) patients had a his-
tory of thromboembolic events.

Of the 221 patients (63.1%) with bone marrow analysis data,
29.7% had grade 1, 2.9% had grade 2, and 0.6% had grade 3 reticulin
fibrosis. None of the PV patients with grade 2/3 reticulin fibrosis had
a medical history of myelofibrosis. Of the 326 patients (93.1%) with
genetic analysis data, 92.9% had a JAK2 V617F mutation and 5.1%
had a JAK2 exon 12 mutation. The mean JAK2 V617F allelic burden
was 49.3% for the 94 patients assessed (Table 1).

3.4 | Secondary variables

341 | Hematocrit control

Hematocrit levels dropped rapidly in the first 12 weeks and were sus-
tained throughout the observation period to 24 months (Figure 2A).
Overall, 141/177 (79.7%) patients at week 24 and 131/192 (68.2%)
patients at month 24 achieved hematocrit control with 167/181
(92.3%) patients achieving hematocrit value <45% at month 24.
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At week 24, 52/177 (29.4%) patients achieved hematologic remission,
of which 33 patients (16.3%) and 30 patients (13.5%) were resistant
and intolerant to HU, respectively. At month 24, 68/192 (35.4%)
patients achieved hematologic remission, of which 37 patients
(18.3%) and 45 patients (20.3%) were resistant and intolerant to HU
before ruxolitinib treatment, respectively.

3.5 | Laboratory data

The mean (SD) hematocrit values were 45.1% (4.9) for 318 patients at
baseline and 39.6% (4.5) for 181 patients at month 24 (Figure 2A). The
mean (SD) RBC count was 5.2 x 10*?/L (1.3 x 10?/L) for 292 patients
at baseline and 4.5 x 10'%/L (0.8 x 10?/L) for 161 patients at month 24.
The mean (SD) hemoglobin values were 142.5 g/L (17.5) for 320 patients
at baseline and 129.1 g/L (15.4) for 182 patients at month 24 (Figure 3A).
The mean (SD) WBC count was 11.9 x 10°/L (8.5 x 10°/L) for
318 patients at baseline and 9.0 x 10°/L (6.6 x 10°/L) for 181 patients at
month 24 (Figure 3B). The mean (SD) platelets count was 420.9 x 10°/L
(249.7 x 10°/L) for 316 patients at baseline and 351.5 x 10°/L
(1384 x 10%/L) for 181 patients at month 24 (Figure 3C).

3.6 | Phlebotomy

Most of the patients (85.1%) had no phlebotomies during the study.
Of the 52/350 patients (14.8%) with phlebotomies from week 4 to

month 24, 10.0% (n = 35) had <2, 3.4% (nh = 12) had >2 to <4, and
1.4% (n = 5) had >4 to <6 phlebotomies. The proportion of patients
not requiring any phlebotomy increased from 42.1% at baseline to
85.1% after 24 months of treatment with ruxolitinib; conversely, the
percentage of patients requiring 1-2 phlebotomies decreased from
26.1% to 10%, and patients requiring 23 phlebotomies decreased
from 31.8% to 4.9% from baseline to end of ruxolitinib treatment
(Figure 2B).

3.7 | Splenomegaly

Spleen measurement by palpation was assessed in 164/350
patients at baseline and 65/350 patients at month 24. The propor-
tion of patients without splenomegaly increased from 49.4%
(n = 81) at baseline to 78.5% (n = 51) at month 24, while the pro-
portion of patients with moderate (4-8 cm) splenomegaly was
reduced from 16.5% (n = 27) at baseline to 6.2% (n = 4) at month
24, and the proportion of patients with massive (>8 cm) splenomeg-
aly was reduced from 12.2% (n = 20) at baseline to 4.6% (n = 3) at
month 24 (Figure 4).

3.8 | Disease progression

During the 24-month observation period, eight patients (2.3%) devel-
oped post-PV myelofibrosis, two patients (0.6%) progressed to acute
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myelogenous leukemia, and one patient (0.3%) transformed to myelo-

dysplastic syndromes.

3.9 | MPN-SAF TSS, PSIS, EQ-5D-5L, and
WPAI: PV

Swift and deep improvements in symptoms were reported, as mea-
sured by MPN-SAF TSS, PSIS, and EQ-5D-5L visual analog scores,
early after initiation of ruxolitinib treatment, and the symptoms
improved in a sustainable manner throughout the 24-month period
(Figures S2-54). Of the 62 patients (17.7%) evaluated for PV-related
itching since the start of the treatment, 52 patients (83.9%) had
improved, 9 patients (14.5%) had no change, and 1 patient (1.6%) was
worse at month 24.

We also assessed the percentage of work time missed and the
overall work impairment measured using the WPAI: PV questionnaire.
The mean (SD) of activity impairment percentage in the past 7 days
was 26.1% (29.4) for 86 patients at baseline and 15.5% (21.3) for
60 patients at month 24.

3.10 | Safety variables

3.10.1 | Dosing, exposure, and dose modifications
Patients received a median daily dose of 20.0 mg/day ruxolitinib, with
49.7% of patients receiving 20 to <30 mg/day and 30.3% of patients
receiving 10 to <20 mg/day. The median duration of exposure to rux-
olitinib was 106.0 weeks.

The majority of patients (82%) did not have dose interruptions,
and 12.6% had one dose interruption. Dose increases were more
prominent than reductions (56.0% vs. 45.7%, respectively). A total of
795 events required a dose change based on physician decision
(60.3%) and due to AEs (28.9%) (Figure S5).

3.11 | Adverse events

Overall, 315 (90.0%) patients experienced at least one AE during the
study (Table 2). The most common AEs were anemia (28.9%), followed
by asthenia (11.7%), headache (11.1%), fatigue (9.7%), and pruritus
(7.7%). A total of 10 patients (2.9%) died during the study; in two
patients, the events (anemia) were suspected to be related to study
drug. Further reported causes of death during the study included
pneumonia (n =2, 0.6%), sepsis, acute myelomonocytic leukemia,
anemia, leukocytosis, bronchial carcinoma, myeloid leukemia, prostate
cancer, cardiac arrest, post-procedural hematoma, hemorrhagic shock,
COVID-19 pneumonia, respiratory failure, and hypovolemic shock
(n =1, 0.3% each). AEs considered to be related to study treatment
were reported in 190 (54.3%) patients, and the most common study
drug-related AEs were anemia (n =79, 22.6%), and weight gain
(n =21, 6.0%). SAEs were reported in 67 patients (19.1%), with the

Haematology

most frequent being pneumonia (n = 6, 1.7%), COVID-19 pneumonia,
prostate cancer, acute myocardial infarction, fall, and anemia (n = 3,
0.9% each). AEs requiring dose adjustment/interruption were
reported in 147 (42.0%) patients. The most common all grade adverse
events of special interest (AESIs) by safety topic were infections
excluding tuberculosis (68.9%), erythropenia/anemia (29.4%), and
bleeding (14.3%). Overall, thromboembolic events were reported in
13 (3.7%) patients during the study, whereas 19.7% of the patients
had experienced an event in their medical history (Table S3). Six
(1.7%) patients experienced embolic and thrombotic arterial events,
including acute myocardial infarction (n = 3, 0.9%), coronary artery
thrombosis (h = 1, 0.3%), ischemic stroke (n =1, 0.3%), peripheral
embolism (n = 1, 0.3%), and transient ischemic attack (n = 1, 0.3%).
Five (1.4%) patients experienced embolic and thrombotic venous
events, including deep vein thrombosis (n = 1, 0.3%), portosplenome-
senteric venous thrombosis (n =1, 0.3%), pulmonary embolism
(h=2, 0.6%), and venous thrombosis (n =1, 0.3%). Two (0.6%)
patients experienced embolic and thrombotic mixed arterial and
venous events of unspecified vessel type, including disseminated
intravascular coagulation (n = 1, 0.3%) and splenic infarction (n = 1,
0.3%). Non-melanoma skin cancer was reported in 11 patients (3.1%)
during the study, of which one patient had reported non-melanoma
skin cancer in medical history at baseline. Four patients (1.1%) demon-
strated MACE during the study. No clinically relevant abnormalities or
safety signals in laboratory evaluations, including liver and kidney
function analysis or vital signs, were reported during the study. None
of the patients with grade 2/3 reticulin fibrosis developed post-PV
myelofibrosis according to the WHO criteria. Overall, 178 patients
(50.9%) were hospitalized during the study and the median duration
of hospitalization was 3 days (range: 1-52 days). The reasons for hos-
pitalization were AE (n = 85, 24.3%), phlebotomy (n = 58, 16.6%), and
other reasons (n =35, 10.0%). Since weight gain is frequently
observed with ruxolitinib treatment we also assessed weight gain in
the study. The median percentage change in weight from baseline to
month 24 was +3.56 kg (—15.0, +17.74); the patient with maximum
percent change was on treatment for 103 weeks.

4 | DISCUSSION

The estimated prevalence rate for PV in Europe is 30 per 100 000
individuals.?* The initiation of ruxolitinib treatment and positive
results observed in the phase Il clinical trials were of significant
importance for PV patients resistant and/or intolerant to HU who pre-
viously had limited treatment options available.?*?22° The final analy-
sis of this phase IV observational study provided insights into the
profile, disease burden, treatment pattern, and outcomes in patients
with PV who were resistant or intolerant to HU and treated with rux-
olitinib in the real-world setting in Europe. Patients received a median
dose of 20.0 mg/day ruxolitinib during the study, which is in line with
the recommended starting dose for PV. Treatment with ruxolitinib
lowered hematocrit levels to <45% rapidly and sustainably in patients

with PV who are resistant or intolerant to HU, which confirms
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TABLE 2 All grades adverse events (AEs).

Preferred term, n (%)

Total AEs (25%)
Anemia
Asthenia
Headache
Fatigue
Pruritus
Arthralgia
Weight gain
Diarrhea
Hypertension
Nasopharyngitis
Constipation
Dizziness
Dyspnea

AEs considered to be related to
study drug (>1.5%)

Anemia
Weight gain
Fatigue
Headache
Diarrhea
Thrombocytopenia
Asthenia
Thrombocytosis
Blood cholesterol increased
Nasopharyngitis
Abdominal distension
Pruritus
Vertigo

Serious AEs (24%)
Infections and infestations

Neoplasms benign, malignant,
and unspecified (including
cysts and polyps)

AEs requiring dose adjustment or
study drug interruption (>5%)

Anemia

AEs requiring significant additional
therapy (23%)

Anemia
Hypertension
Bronchitis

Most common AEs of special
interest by safety topic (23%)

Infections excluding
tuberculosis

Erythropenia/anemia

Bleeding

Ruxolitinib N = 350
315 (90.0)
101 (28.9)
41(11.7)
39 (11.1)
34 (9.7)
27(7.7)
25(7.1)
25(7.1)
23 (6.6)
21 (6.0)
21(6.0)
18(5.1)
18(5.1)
18(5.1)
190 (54.3)

79 (22.6)
21 (6.0)
16 (4.6)
15 (4.3)
10 (2.9)
9 (2.6)
8(2.3)
6(1.7)
6(1.7)
6(1.7)
6(1.7)
6(1.7)
6(1.7)
67 (19.1)
21(6.0)
16 (4.6)

147 (42.0)

62 (17.7)
232 (66.3)

20(5.7)
13(3.7)
13(3.7)

241 (68.9)

103 (29.4)
50 (14.3)

(Continues)
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TABLE 2 (Continued)

Preferred term, n (%) Ruxolitinib N = 350
Dizziness 32(9.1)
Lipid abnormalities 26 (7.4)
Urinary tract infections 25(7.1)
Weight gain 25(7.1)
Other hemorrhage events 24 (6.9)
Hypertension 22 (6.3)
Long-term safety data, including 21 (6.0)

secondary malignancies—
second primary malignancies

Bruising 21 (6.0)
Thrombocytopenia 14 (4.0)
Thromboembolic events 13(3.7)
Herpes zoster 12 (3.4)
Elevated Transaminases 11 (3.1)
Fracture 11 (3.1)
Non-melanoma skin cancers 11 (3.1)
Pneumonia 11 (3.1)

Note: n, number of subjects where data were recorded; N, number of
subjects in the relevant analysis set. A patient with multiple occurrences
of an AE is counted only once in the AE category. AEs were coded using
the Medical Dictionary for Regulatory Activities (MedDRA) terminology.
MedDRA version 24.0, Common Terminology Criteria for Adverse Events
(CTCAE) version 4.03 was used for reporting.

findings from the RESPONSE and RESPONSE-2 studies.?*??2> The
hematocrit control definition used in our study was of a composite
primary endpoint from RESPONSE-2.2? This definition did not allow
occurrence of more than one phlebotomy eligibility (confirmed hemat-
ocrit >45% and at least 3% higher than baseline or >48%) in the first
8 weeks of ruxolitinib treatment and did not allow phlebotomy eligi-
bility during the rest of the observation period of 22 months. This def-
inition was strict and conservative when applied in the real-world
setting, yet the majority of patients were still responding after
24 months. Additionally, ~85% of patients treated with ruxolitinib
were phlebotomy-free and ~78% were without splenomegaly during
the study, further highlighting the real-world benefit provided by rux-
olitinib treatment. In this population of mainly high-risk PV patients
treated with HU, it was observed that only 61.4% patients received
acetylsalicylic acid and 9.7% patients received clopidogrel as concomi-
tant medication after starting treatment with ruxolitinib. This is sur-
prising and in line with the observation that classic cardiovascular risk
factors are not regularly checked in this population despite the high-
risk cardiovascular profile of these patients and the cardiovascular risk
is insufficiently treated which could have affected the outcome in
terms of cardiovascular events. Pruritus in PV is associated with a sub-
stantial disease burden, leading to a reduced quality of life.?® This is
the first study to systematically assess the PSIS scores in patients with
PV during treatment with ruxolitinib and we observed considerable
and immediate reduction of pruritus after the start of treatment.

Moreover, ruxolitinib led to an improved total symptom burden and
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quality of life as reflected by other quality of life measures, including
MPN-SAF TSS, EQ-5D-5L, and WPAI: PV scores. Thus, patients trea-
ted with ruxolitinib experienced improvements in all PV-associated
symptoms, including pruritus and fatigue. This outcome emphasizes
the importance of reducing PV symptoms in therapeutic practice.

There were few thromboembolic events and few MACE reported
during the study. The data on thromboembolic events, although from
a short 24-month follow-up, was in line with the results from MAJIC-
PV study (ruxolitinib = 93; best available therapy = 87) in which
74 patients were resistant/intolerant to HU in the ruxolitinib arm.
Thromboembolic event-free survival was significantly improved with
ruxolitinib (hazard ratio [HR], 0.56; 95% Cl, 0.32 to 1.00; p = .05).2”
The overall safety profile observed in the study was consistent with
that observed in prior studies of ruxolitinib, with no new safety signals
identified.?%222>28

Overall, the results from this observational study build on the
data and evidence from the earlier pivotal studies RESPONSE and
RESPONSE-2 and provide real-world evidence of the efficacy
and safety of ruxolitinib in clinical practice. Hematocrit control was
achieved in 60.0% of patients in the RESPONSE study at week 32 and
in 62% of patients in the RESPONSE-2 study at week 28. In our study,
hematocrit levels dropped rapidly in the first 12 weeks and were sus-
tained throughout the observation period to 24 months with 68.2%
of patients achieving hematocrit control at month 24 (92.3% patients
achieving hematocrit value <45%), which is considerably good control
compared to RESPONSE and RESPONSE-2 studies.?*?%2>28 Our
study demonstrated that in routine clinical practice, PV symptoms are
not being captured using standardized questionnaires in the majority
of patients, and there is a need for more routine use of patient-
reported outcome questionnaires. Despite the high-risk criteria met at
baseline (70% of patients aged >60 years and 19.7% of patients with
a history of thromboembolic events), data on cardiovascular risk
parameters such as weight, BMI, and cholesterol were not available in
approximately 75% of patients, highlighting the need for more aware-
ness and analysis of these parameters to conduct more comprehen-
sive risk analysis using systematic coronary risk evaluation (SCORE)
and Framingham models. Therefore, a multidisciplinary approach to
treatment of PV patients is warranted, consisting of a team that
includes expert cardiologists.

During the study, rates of transformation to myelofibrosis and
acute myelogenous leukemia were consistent with those expected in
a high-risk population of patients with PV2%2?? and in those with resis-
tance to HU.'® Acute myeloid leukemia led to death in two patients.
The COVID-19 pandemic had minimal impact on our study mile-
stones; however, COVID-19 pneumonia led to death in one patient,
and COVID-19 pneumonia (three [0.9%] patients) and COVID-19
infections (two [0.6%] patients) were among the most commonly
reported SAEs. These events were not suspected to be related to rux-
olitinib. Of note, 4.9% of patients at the study entry had a confirmed
diagnosis of non-melanoma skin cancer, while neoplasms (4.6%) and
infections (6%), unrelated to ruxolitinib, were reported during the
study. Weight gain is a known phenomenon related to ruxolitinib

treatment and the increase in weight from baseline to month 24 and
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treatment-related AE weight gain reported in 21 (6.0%) patients con-
firms previous observations.??

The advantage of using data obtained from non-interventional
studies is that they depict normal clinical settings under real-life con-
ditions and therefore are more representative of both the study popu-
lation of interest and the clinical outcomes under observation.
However, the main foreseen limitations for this observational study
were attributed to the observational and partially retrospective char-
acter of the study design and involved patient selection bias, lack of
control group, incomplete or missing data, difficulty in interpreting or
verifying documented information, and variability in the quality of
documentation among health care personnel for the retrospective
cohort. Every effort was made to confront the reality of inherent bias
in patient selection and the difficulty in making sound conclusions
introduced by the inability to obtain all pertinent data, aiming at
ensuring transparency in terms of the study conduct and data
analysis.

This first large scale observational study that assessed real-world
benefit for 24 months in patients with PV who were resistant/
intolerant to HU demonstrated that ruxolitinib treatment maintained
durable hematocrit control with a decrease in the number of phlebot-
omies, reduction in splenomegaly, improvement in PV symptoms, and
improvement in quality of life in the majority of patients. In a real-
world setting, ruxolitinib was generally well tolerated, and the safety
profile was in line with that reported in previous studies.
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