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KEY PO INTS

� Rates of thrombosis
and progression were
low in patients with
ET/PV treated with
either HU or IFN in this
randomized study.

� PEG was more effective
in normalizing counts
and reducing
JAK2V617F VAF in PV
whereas HU induced
more HPRs in ET.

The goal of therapy for patients with essential thrombocythemia (ET) and polycythemia
vera (PV) is to reduce thrombotic events by normalizing blood counts. Hydroxyurea (HU)
and interferon-a (IFN-a) are the most frequently used cytoreductive options for patients
with ET and PV at high risk for vascular complications. Myeloproliferative Disorders
Research Consortium 112 was an investigator-initiated, phase 3 trial comparing HU to
pegylated IFN-a (PEG) in treatment-naïve, high-risk patients with ET/PV. The primary
endpoint was complete response (CR) rate at 12 months. A total of 168 patients were
treated for a median of 81.0 weeks. CR for HU was 37% and 35% for PEG (P 5 .80) at 12
months. At 24 to 36 months, CR was 20% to 17% for HU and 29% to 33% for PEG. PEG
led to a greater reduction in JAK2V617F at 24 months, but histopathologic responses
were more frequent with HU. Thrombotic events and disease progression were infrequent
in both arms, whereas grade 3/4 adverse events were more frequent with PEG (46% vs
28%). At 12 months of treatment, there was no significant difference in CR rates between

HU and PEG. This study indicates that PEG and HU are both effective treatments for PV and ET. With longer treat-
ment, PEG was more effective in normalizing blood counts and reducing driver mutation burden, whereas HU pro-
duced more histopathologic responses. Despite these differences, both agents did not differ in limiting thrombotic
events and disease progression in high-risk patients with ET/PV. This trial was registered at www.clinicaltrials.gov as
#NCT01259856.
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Introduction
Polycythemia vera (PV) and essential thrombocythemia (ET) are
myeloproliferative neoplasms (MPNs) characterized by specific
driver mutations.1,2 ET and PV each have chronic courses com-
plicated by thrombohemorrhagic events, systemic symptoms,
splenomegaly, and progression to myelofibrosis (MF) and/or
blast phase.3,4

Many drugs have been used to normalize the blood counts of
high-risk patients with PV and ET. Although frequently used, the
superiority of either interferon-a (IFN-a) or hydroxyurea (HU) has
not been established.5 The Myeloproliferative Disorders
Research Consortium (MPD-RC), therefore, conducted an inde-
pendent, global, randomized, phase 3 trial of therapy-naïve,
high-risk patients with ET/PV treated with peg-rIFN-a2a (PEG)
or HU.

Patients and methods
MPD-RC 112 (NCT01259856) was conducted at 24 North Ameri-
can and European sites. The study was approved by the institu-
tional review boards/ethical committees, informed consent was
obtained from each patient prior to enrollment, and the trial was
conducted in accordance with the Declaration of Helsinki. Eligi-
bility required a diagnosis of ET or PV according to World
Health Organization 2008 diagnostic criteria.6 High-risk disease
was defined by 1 of the following factors: history of thrombosis,
age .60 years, history of bleeding (ET only), platelet count
.1500 3 109/L in ET and .1000 3 109/L in PV, vasomotor sy-
mptoms (erythromelalgia, severe migraine headaches), signifi-
cant or symptomatic splenomegaly, and the presence of
diabetes or hypertension requiring pharmacologic intervention
(see supplemental Appendix for full inclusion/exclusion criteria;
available on the Blood Web site). Therefore, in addition to clas-
sic risk factors for thrombohemorrhagic complications, patients
were also included in this study if cytoreductive therapy was
merited to address significant symptom and spleen burden.

Patients were randomly assigned 1:1 to HU or PEG within strata
defined by disease type (ET/PV) using block randomization. PEG
(provided by Roche/Genentech Pharmaceuticals, Nutley, NJ)
was self-administered by subcutaneous injection at 45 mg
weekly and titrated in 45-mg increments monthly to a maximum
of 180 mg weekly. HU was initiated at 500 mg twice daily. Dose
modification occurred when criteria for hematologic complete
response (CR) were not met or dose-limiting toxicity occurred.
Guidance and direction for dosing and escalations for both
agents were provided in the protocol; the dosing protocol
guidelines are included in the supplemental Appendix.

An intention-to-treat (ITT) evaluation was performed at 12, 24,
and 36 months. Patients achieving at least a hematologic partial
response (PR) remained on treatment, and length of therapy
was determined by time of entrance into the study. The last sub-
ject to enter the study could receive therapy for at most 12
months, and the first subjects could receive therapy for up to 64
months. All patients were included in response assessments.
The primary endpoint was the comparison of CR rates (as
defined by European LeukemiaNet [ELN] criteria to after

12 months of therapy).7 CR was defined as a platelet count
,400 3 109/L, hematocrit ,45% without phlebotomy for
patients with PV only, white blood cell count ,10 3 109/L, reso-
lution of splenomegaly, and resolution of disease-related symp-
toms (microvascular disturbances, headache, and pruritus).
Responses were assessed by a central review committee blinded
to treatment. Splenomegaly was assessed by ultrasound mea-
surement of the craniocaudal axis (splenomegaly defined as
.13 cm). Patients completed the Myeloproliferative Neoplasm
Symptom Assessment Form, the European Organization for the
Research and Treatment of Cancer Quality of Life
Questionnaire-C30, and 5 exploratory questions to assess PEG-
related side effects on a serial basis at baseline and 3, 6, 9, and
12 months.

Disease biomarkers
Bone marrow histopathology, karyotype, and myeloid gene
mutation analyses were performed at baseline, after 12 and 24
months, and at study end. Histomorphologic remission was
defined according to ELN and the revised ELN-IWG criteria and
determined by blinded central expert review.7 Next-generation
sequencing was performed using a targeted-sequencing panel
designed to capture 156 genes implicated in myeloid malignan-
cies, as previously described.8 Next-generation sequencing was
performed on available samples (source of DNA was from
peripheral blood granulocytes) at baseline, at 12, 24, and 48
months, and at study end. Samples were sequenced on Illumina
HiSeq 4000 (Illumina, San Diego, CA) with an average target
depth of 9923 (126-bp paired-end reads).

Statistical analysis
The study was designed to include 300 patients to detect a dif-
ference in complete clinical hematologic response rate of 15%
from 15% (assumed HU rate) to 30% (assumed PEG rate, a 5

0.05, two-sided, power 5 0.85). In 2013, the study was
amended from an original sample size of 612 total patients (306
per ET/PV strata) to allow increased disease duration from 3 to 5
years. Under the amended protocol, planned interim analysis
was conducted in July 2016 after the first 75 patients were
enrolled in the study (HU: 39; PEG: 36). The CR rate for HU was
33% (13/39) and 28% (10/36) for PEG (P 5 .60), which did not
cross stopping boundaries for either efficacy or futility. The over-
all response rate (ORR; CR 1 PR) was 69% for HU (27/39) and
81% (29/36) for PEG. The study was continued until enrollment
reached 168 patients, when a decision was made by the manu-
facturer to halt PEG access. With 170 patients randomized to 2
treatment groups in 2 strata, a difference of 19% in CR rates
(from 15% to 34%) could be detected for the 2 disease strata
combined, with a power of 82%.

Patients who dropped out due to lack of response, tolerability,
or complications before the 12-month evaluation were consid-
ered nonresponders per ITT analysis. For response assessment
at 24 months, only patients enrolled before June 2015 were
included (n 5 106 due to study closure) and analyzed in an ITT
fashion. Similarly, for response assessment at 36 months, only
patients enrolled before June 2014 were evaluated.
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The primary analysis consisted of a comparison of proportions
for CR and ORR by arm based on a 2-sided z-test for propor-
tions. The Cochran-Mantel-Haenszel test for heterogeneity for
disease strata (ET/PV) was also conducted. ET and PV rates are
reported separately, but all comparisons were conducted for
patients with combined ET/PV by arm only. Safety and toxicity
were summarized to compare the distributions of incidence and
severity of adverse events (AEs) by treatment. Patient-reported
outcome measurements were scored according to published
scoring algorithms. Baseline scores were compared between
treatment arms with a 2-sided 2-sample independent sample
Student t test. Overall complication-free survival was defined
as free of major thrombotic event, major hemorrhagic com-
plications, progression to MF, progression to acute leukemia,
or death and was compared using a 2-sided log-rank test of
the hazard ratio of PEG as compared with patients treated
with HU. Exploratory analysis for mutational status at baseline
and association with obtaining CR was analyzed by multivari-
able logistic regression. Variables included in the model were
treatment, disease type, JAK2, CALR, ASXL1, and TET2
mutational status. JAK2V617F variant allele frequency (VAF)
at baseline was analyzed according to response status by Wil-
coxon rank-sum test. In addition, JAK2V617F VAF over time

was evaluated using a linear mixed model. Time (months),
treatment, and a treatment-by-time interaction were included
as fixed effects, while an individual-specific random effect
was included. SAS version 9.4 (SAS Institute, Cary, NC) was
used for analysis, and values of P , .05 (2-sided) were con-
sidered statistically significant.

Results
Patients
A total of 168 patients were enrolled from September 2011
to June 2016; 86 were randomized to HU and 82 to PEG
(Figure 1). Eighty-one patients had ET and 87 had PV; base-
line demographics are shown in Table 1. Risk factor profile
for enrolled patients indicated that 82% of patients with PV
and 75% of patients with ET were high risk due to age ≥60
years and/or a history of thrombosis. The risk profile for the
remaining 16 patients with PV and 20 patients with ET is
shown in supplemental Table 1. Among MPN driver muta-
tions, JAK2V617F were most frequent (91%), followed by
CALR (8%) and MPL mutations (3%). The most frequent
co-occurring mutations involved TET2 (24%) and ASXL1 (9%)

183 patients assessed for eligibility

168 patients randomly assigned
and included in intention-to-treat analysis

86 patients assigned to HYDROXYUREA
44 PV and 42 ET

(24 JAK2, 5 CALR, 3 MPL, 10 Unk)

7 adverse event
6 patient withdrawal prior to treatment

5 patient refused further treatment
2 study closure

1 transfer to other study
1 death

27 study closure
2 adverse event

2 patient refused further treatment
1 lost to follow-up
1 other diagnosis

26 study closure
5 adverse event

2 patient refused further treatment
1 lack of efficacy

64 patients completed 12 mos of therapy

31 patients completed 24 mos of therapy
20 PV
11 ET

37 patients completed 24 mos of therapy
23 PV
14 ET

71 patients completed 12 mos of therapy

5 adverse event
3 patient refused further treatment

1 lack of efficacy
1 lost to follow-up

1 physician decision

82 patients assigned to PEGASYS
43 PV and 39 ET

(22 JAK2, 9 CALR, 2 MPL, 6 Unk)

15 patients excluded
11 did not meet inclusion criteria

2 withdrew consent
2 other reasons

Figure 1. CONSORT diagram for participant flow by treatment arm.
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(Figure 2). Median JAK2V617F VAFs at baseline were 13%
and 35% in patients with ET and PV, respectively. Baseline
MPN symptoms and quality of life scores are shown in sup-
plemental Table 2 and supplemental Figure 1.

Responses
Clinicohematologic response All 168 patients were included
in response assessment per ITT analysis at 12 months. Six
patients in the HU treatment arm withdrew before starting

Table 1. Patient demographics and clinical characteristics by treatment arm

Arm A: HU (n 5 86) Arm B: PEG (n 5 82) Total (N 5 168)

Age, y 63 (18-87) 60 (19-79) 61 (18-87)

Race, %

White 70 (84) 76 (94) 146 (89)

African American 5 (6) 3 (4) 8 (5)

Asian 3 (4) 0 3 (2)

Hawaiian/Pacific Islander 1 (1) 0 1 (1)

Not reported 7 (8) 3 (4) 10 (6)

Gender, %

Female 37 (44) 33 (40) 70 (42)

Male 49 (56) 49 (60) 98 (58)

MPN subtype, %

ET 42 (49) 39 (48) 81 (48)

PV 44 (51) 43 (52) 87 (52)

ECOG, %

0 72 (84) 65 (79) 137 (82)

1 13 (15) 15 (18) 28 (17)

21 1 (1) 2 (2) 3 (2)

Disease duration, mo 3.1 (1-84.2) 2.6 (0.4-41.7) 2.8 (0.4-84.2)

Age .60 y, % 56 (65) 42 (51) 98 (58)

History of thrombosis, % 20 (23) 26 (32) 46 (27)

ET, % 8 (19) 13 (33) 21 (26)

PV, % 12 (27) 13 (30) 25 (29)

Aspirin use, % 72 (84) 64 (78) 136 (81)

Anticoagulant use, % 5 (6) 6 (7) 11 (7)

Spleen length by ultrasound, cm* 12.5 (2.1-20) 12.5 (6.5-22) 12.5 (2.1-22)

Leukocytes, 3 109L 9.2 (3.0-34.4) 8.6 (4.0-24.8) 8.8 (3.0-34.4)

Hemoglobin, g/dL 14.3 (11.3-16.4) 14.6 (8.4-16.6) 14.5 (8.4-16.6)

Hematocrit, % 43.1 (40-70.2) 43.8 (40-61.9) 43.5 (40-70.2)

Platelets 3109/L 612 (112-1444) 602 (112-1662) 606 (112-1662)

JAK2V617F, %† 68 (92) 65 (89) 133 (91)

CALR exon 9, %† 4 (5) 7 (10) 11 (8)

MPLW515L/K, %† 3 (4) 2 (3) 5 (3)

Driver mutation present, %† 71 (96) 69 (95) 140 (95)

n (%) presented for categorical variables and median (range) for continuous variables.

ECOG, Eastern Cooperative Oncology Group.

*Baseline spleen imaging available in 158 patients.

†Baseline mutational status available in 147 patients.
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treatment; all patients in the PEG arm received treatment.
The median (range) duration of treatment was 81.0 weeks
(0-268) and 94.6 weeks (2.9-287.3) in the HU and PEG arms,
respectively. Median weekly dose of HU was 6708 mg and
89.4 mg for PEG. Seventy-four percent of patients receiving
HU and 87% of patients receiving PEG were treated for 12
months or longer.

CR at 12 months was 37% for HU and 35% for PEG (P 5

.80). ORR at 12 months was 70% for HU and 78% for PEG
(P 5 .22; Table 2). In patients with ET, CR at 12 months
was observed in 45% of those receiving HU and 44% for
those receiving PEG. In patients with PV, CR at 12 months
was observed in 30% for those receiving HU and 28% for
those receiving PEG. ORR at 12 months was 70% for HU
and 78% for PEG (P 5 .22; Table 2). Sensitivity analysis
(accounting for 6 patients on HU who withdrew before
treatment) for CR at 12 months for HU arm was 40% (differ-
ence of 5%; 95% CI, 211% to 20% vs PEG) and ORR was
75%.

CR at 12 months (without spleen normalization) was seen in 42%
of patients receiving HU and 48% of patients receiving PEG (dif-
ference of 26% [95% CI, 29 to 21]). Forty-three percent and
65% of patients with PV receiving HU and PEG, respectively,
achieved hematocrit control (without phlebotomy) at 12 months
(P 5 .04; supplemental Figure 2). Platelet control in patients
with ET at 12 months was 45% and 46% for patients receiving
HU and PEG, respectively (P 5 .93). Alleviation of symptoms
was the criterion least frequently met for achieving a CR, and
when not requiring symptom resolution, there were no notable
differences between CR rates by treatment arm. In patients with
PV, 41/87 (HU: 21; PEG: 20; 47%) were receiving phlebotomy
during the prior 6 months before enrollment, with a median
number of phlebotomies of 3.0 (1-12) for HU and 4.0 (1-13) for
PEG. Thirty-three patients with PV (HU: 15; PEG: 18) received
phlebotomy during the first year, with a median number of phle-
botomies of 2.0 (1-5) for HU and 3.0 (1-6) for PEG.

Median weekly dose in patients with CR (during first 12 months)
as compared with patients without CR was 6995 mg

A
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JAK2

TET2
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ASXL1
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CUX1
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Figure 2. Mutational analysis of patients treated in MPD-RC 112 trial. (A) Oncoprint of baseline mutations and (B) mutation frequency of patients enrolled in the
study.
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(interquartile range [IQR]: 5567-7678) and 5804 mg (IQR: 3884-
7000) for HU (P 5 .03). Median weekly dose for PEG was 76.4
mg (IQR: 46.7-104.4) for patients with CR and 89.2 mg (IQR:
59.7-131.2) for patients without CR (P 5 .27; supplemental Fig-
ure 3).

In 106 patients (HU: 54; PEG: 52) per ITT analysis, the CR at 24
months was 20% for HU and 29% for PEG, and ORR was 41%
for HU and 60% for PEG (P 5 .045 for ORR comparison). In 57
patients (HU: 30; PEG: 27), the CR at 36 months was 177% for
HU and 33% for PEG, and ORR was 47% for HU and 59% for
PEG (P 5 .34 for ORR comparison). Twelve-month rates for the
24- and 36-month subgroups were similar to those reported for
the full analysis dataset.

Spleen response One hundred nine patients (HU: 51; PEG: 58)
received post-baseline imaging for spleen response. Median
spleen reduction (best response on treatment) was 25% (224%
to 17%) in patients treated with HU compared with a median
reduction of 26% (237% to 54%) with PEG (supplemental Figure
4). In patients with a spleen size ≥13 cm by imaging at baseline,
4/37 (11%) receiving HU attained a normalized spleen compared
with 6/36 (17%) receiving PEG at any time on treatment.

Bone marrow response In 109 evaluable patients (pre- and
posttreatment biopsy), HU had a histopathologic response (HPR)
of 12/52 (23%) vs 3/57 (5%) for PEG (P 5 .01; supplemental Fig-
ure 5). Best HPR response was seen in 18/54 (33%) of patients
receiving HU and 10/59 (17%) patients receiving PEG (P 5 .05).
HPR was more frequent in the ET cohort at 12 months 13/46
(24%) as well as best response 20/48 (42%) compared with the
PV cohort at 4/63 (6%) and 8/66 (12%), respectively. A
dose-dependent effect on achieving HPR was observed with HU
(P 5 .04) but was not observed with PEG treatment (P 5 .6; sup-
plemental Figure 6).

Cytogenetic response One hundred forty-four of 168 (86%)
patients had baseline cytogenetics. Abnormalities were seen in
22/144 (15%) patients: 14/71 (20%) patients treated with HU
and 8/73 (11%) patients treated with PEG. Three of 14 (21%)
patients treated with HU and 3/8 (38%) patients treated with
PEG had a chromosomal abnormality [trisomy 9, del(20q),
t(14;21)(q24;q22); trisomy 8, and loss of Y chromosome] (P 5

.62). After 24 to 36 months of follow-up, 3/71 (4%) patients
receiving HU and 1/73 (1%) patients receiving PEG had gain of
del(20q), loss of Y and del(16q) (supplemental Table 3). There
was no association between cytogenetic response and CR/PR.

Table 2. Response by treatment arm

HU (n 5 86), % PEG (n 5 82), %

Difference in
proportions for
combined ET/PV,

95% CI
(PEG – HU)

Rate ratio
(95% CI)

12 mo

Complete response 32 (37) 29 (35) 22% 0.95

ET 19 (45) 17 (44) (216 to 13) (0.64, 1.42)

PV 13 (30) 12 (28)

Overall response 60 (70) 64 (78) 8% 1.12

ET 30 (71) 27 (69) (25 to 21) (0.93, 1.34)

PV 30 (68) 37 (86)

24 mo (n 5 54)* (n 5 52)*

Complete response 11 (20) 15 (29) 9% 1.42

ET 6 (25) 9 (38) (29 to 26) (0.72, 2.79)

PV 5 (17) 7 (25)

Overall response 22 (41) 31 (60) 19% 1.46

ET 8 (33) 14 (58) (1 to 37) (1.00, 2.16)

PV 14 (47) 17 (61)

36 mo (n 5 30)† (n 5 27)†

Complete response 5 (17) 9 (33) 17% 2.0

ET 2 (17) 4 (40) (28 to 40) (0.76, 5.23)

PV 3 (17) 5 (29)

Overall response 14 (47) 16 (59) 13% 1.27

ET 4 (33) 6 (60) (215 to 38) (0.77, 2.08)

PV 10 (56) 10 (59)

Overall response rate 5 complete 1 partial response.

*n 5 106 patients (HU: 54, PEG: 52) who had the opportunity to receive treatment of 24 mo.

†n 5 57 patients (HU: 30, PEG: 27) who had the opportunity to receive treatment of 36 mo.

2936 blood® 12 MAY 2022 | VOLUME 139, NUMBER 19 MASCARENHAS et al

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/139/19/2931/1896556/bloodbld2021012743.pdf by guest on 14 January 2025



Molecular response Reductions in JAK2V617F VAF were
observed in most patients treated with HU or PEG (Figure 3A-B,
respectively) and no differences were seen by clinical response.
Results were similar for ET and PV groups (supplemental Figure
7A). Similarly, decreases in CALR and TET2 VAFs were observed
in both treatment arms (supplemental Figure 8A-B, respectively).
The median greatest change from baseline in JAK2V617F VAF
was 25.3% and 210.7% in patients treated with HU and PEG,
respectively. Notably, the median JAK2V617F VAF decreased
consistently from baseline through month 24 in the PEG arm
but increased in the HU arm after month 12. Mixed-model esti-
mates for JAK2 VAF reduction at 24 months were 20.004 (95%
CI, 20.08, 0.08) for HU and 20.16 (95% CI, 20.23, 20.10) for

PEG (P 5 .002 for interaction effect; Figure 3B). No significant
differences were observed between baseline JAK2V617F VAF in
responders and nonresponders treated with either drug (supple-
mental Figure 8C-D, respectively). The driver mutation type was
not associated with achieving response. By contrast, an ASXL1
mutation was associated with decreased odds of achieving
hematologic CR status on multivariable analysis (P 5 .055; sup-
plemental Figure 8E).

Complication-free survival Five events (HU: 3; PEG: 2)
occurred during the trial with an hazard ratio 5 0.60 (95% CI,
0.10-3.62). One patient treated with PEG had a bleeding event
consisting of macroscopic hematuria that required red cell
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transfusions. A second patient treated with PEG had a cerebral
vascular accident. One patient treated with HU developed bilat-
eral vertebral artery blockage noted on imaging but without clin-
ical consequences. One patient treated with HU progressed to
MF after 46 months. One patient treated with HU died of lung
cancer at 9 months. Cumulative incidence of thrombosis was 2%
(95% CI, 0.3-13) for HU and 2% (95% CI, 0.3-15) for PEG at
24 months.

Safety The causes for therapy discontinuation are listed in sup-
plemental Table 4. Discontinuation due to study closure
occurred in 94 (56%) patients at a median of 25.4 (95% CI, 23.1-
29.7) months.

One hundred sixty-two of 168 (96%) patients were assessed for
Aes (HU: 80; PEG: 82). Grade 3 or higher (any attribution) Aes
occurred in 60 (37%) patients (HU: 22 [28%]; PEG: 38 [46%])
(Table 3; z 5 22.48; P 5 .01). PEG-related Aes were common
(flu-like symptoms, injection site reaction, peripheral sensory
neuropathy, blurred vision). Grade 1-2 depression was seen in
15% of patients receiving PEG as compared with 3% of patients
receiving HU. Mucositis and anorexia were significantly more
common in the HU arm, whereas leukopenia, flu-like symptoms,
injection site reactions, aspartate aminotransferase elevations,
and depression occurred more frequently in the PEG arm. In
addition, hypertension, fatigue, and lymphopenia were higher in
the PEG arm.

Discussion
The continued controversy over the choice of drug for first-line
therapy for patients with ET or PV who are at an increased risk
of developing thrombotic events9 is a consequence of the lim-
ited numbers of randomized clinical trials performed and the
chronic nature of these malignancies limiting the number of
thrombotic events that occur during follow-up.5,10

Our data indicate that PEG and HU are both effective treat-
ments for PV and ET at 12 months without significant difference
in CR. These findings are consistent with PEG therapy requiring
greater time to achieve full clinical potential. PEG may be more
effective in correcting blood counts in PV compared with ET
because the percentage of patients with PV who achieved
hematocrit control at 12 months was higher (65% vs 43%)
whereas platelet control in patients with ET at 12 months was
similar between arms (45% vs 46%). The median change in
JAK2V617F VAF observed in patients treated with HU was
25.3% and 210.7% for PEG. Notably, the median JAK2V617F
VAF decreased through month 48 with PEG but increased with
HU after month 12. Because PEG is thought to act at the level
of the mutated MPN stem cell,11-14 more frequent histological
responses in patients treated with HU were unanticipated. Given
the noted association between HU dose and rate of hemato-
logic CR and bone marrow HPR, it is possible that HU dose-
related myelosuppression may account for the higher HPR seen
here. Furthermore, bone marrow histopathological responses
occurred more commonly in patients with ET than PV although
the clinicohematological ORR was higher in patients with PV.
Cytogenetic abnormalities were lost in a similar number of
patients receiving either drug. The discordance between the
greater reduction of JAK2V617F VAF due to PEG and theTa
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improvement in marrow morphology with HU is difficult to
reconcile.15

The number of thrombotic and progressive events in either
arm was small, limiting the ability to detect differences in
thrombosis between agents. Both agents were associated
with few serious Aes. Mucositis and anorexia were more com-
mon in the HU group, whereas PEG was associated with Aes
such as injection site reactions, flu-like symptoms, peripheral
sensory neuropathy, leukopenia, depression, and alanine ami-
notransferase elevations.

Contemporaneously with this study, the PROUD/
CONTINUATION-PV trial compared HU and ropeginterferon
alfa-2b (Ro-PEG) in PV. In PROUD-PV, Ro-PEG was not inferior
to HU after 12 months, with a CR rate of 21.3% vs 27.6% in
data analyzed from 245/257 patients.16 In the CONTINUATION-
PV trial, 171 patients continued therapy, and at 60 months,
Ro-PEG and HU had CHR rates (control of blood counts and
absence of phlebotomy) of 55.8% and 44.0% (P 5 .0974),
respectively.17 A difference in the incidence of thrombotic
events or evidence of progression was not observed. Similar to
MPD-RC 112, the degree of reduction in JAK2V617F VAF per-
sisted and progressively increased exclusively in the Ro-PEG
arm. The PROUD/CONTINUATION-PV study did not include
patients with ET, bone marrow histopathology, or cytogenetics
or monitor the effects of these treatments on patient symptoms
when evaluating CR, which may account for their higher CR
rates.

Limitations to the MPD-RC 112 study existed. The trial was
closed after the accrual of 168 patients due to lack of availability
of PEG. The lower-than-expected accrual and limited follow-up
impacted the ability to evaluate longer term outcomes and eval-
uate ET and PV strata separately. Based on accrual of 168
patients, conditional power was 12% for a targeted sample size
of 300 patients (150 per strata). Had the study continued to full
enrollment of 300 patients, there was a low likelihood of observ-
ing a superiority result with PEG. This study showcases the diffi-
culty of performing clinical trials in high-risk patients with PV and
ET, in whom the goal is ultimately to reduce thrombotic epi-
sodes or disease progression. Although the bone marrow HPRs
are of interest, their evaluation by a single blinded expert hema-
topathologist without the use of a central review committee lim-
its their impact. The starting dose and titration of each agent
was outlined in the protocol and may differ from the variable
real-world dosing approach of HU or PEG, which can affect both
tolerability and potentially efficacy. Given the divergence of
molecular response and bone marrow histopathologic remission,
we raise caution of using changes in JAK2V617F VAF, marrow
histopathology, or clearance of cytogenetic abnormalities as
measures of disease course modification.

No difference in CR at 12 months was seen between treatment
arms. However, after 24 months of treatment, a difference in
ORR could be discerned between PEG and HU therapy, yet the
incidence of thrombotic events or evolution to MF and
MPN–blast phase did not differ. Grade 3=4 treatment-emergent
Aes were more frequent with PEG. We conclude that both HU
and PEG are effective agents in normalizing blood counts

and limiting the number of thrombotic events in patients with
high-risk ET/PV, and the decision to choose 1 agent over the
other must be personalized.
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