Results from HARMONY: an open-label, multicenter,
2-arm, phase 1b, dose-finding study assessing the
safety and efficacy of the oral combination of
ruxolitinib and buparlisib in patients with
myelofibrosis

Myelofibrosis (MF) is a myeloproliferative neoplasm
characterized by bone marrow fibrosis, cytopenias,
splenomegaly, and elevated proinflammatory cytokine
levels. The Janus kinase/signal transducer and activator
of transcription (JAK/STAT) pathway is the central path-
way implicated in the pathogenesis of ME'? One of the
other pathways dysregulated in MF includes the phos-
phatidylinositol 3 kinase (PI3K)/Akt pathway.’
Ruxolitinib, a first-in-class JAK1/2 inhibitor (JAKi), is
approved in the US and EU for treatment of MF and poly-
cythemia vera after an inadequate response or intoler-
ance to hydroxyurea. Buparlisib, an oral pan-PI3K
inhibitor, showed a favorable tolerability/efficacy profile
in patients with solid tumors.’

Targeting multiple signaling pathways might have a
synergistic therapeutic effect on the underlying patho-
genesis of ME”’ For patients who do not respond to JAKi
or those who loose their response, a rational combination
of other targeted agents is a promising strategy.”’
Preclinical data suggest that inhibition of the PI3K/mTOR
pathway has beneficial effects in ME*'* HARMONY, a
phase 1b, 2-arm, open-label, multicenter, dose-finding
study, investigated the safety and efficacy of the oral
combination of ruxolitinib and buparlisib in adult
patients with intermediate/high-risk primary MF, post-
polycythemia vera MF, or post-essential thrombo-
cythemia MF (Online Supplementary Figure 1). The maxi-
mum tolerated dose (MTD)/recommended phase 2 dose
(RP2D) was established at 15 mg twice daily (bid) for rux-
olitinib and 60 mg once daily (qd) for buparlisib. The
dose-limiting toxicity (DLT) and adverse event (AE) pro-
file of the combination was similar to the safety profile of
the individual drugs and resulted in an overall moderate
clinical benefit compared with ruxolitinib monotherapy.

Patients without prior JAKi treatment (JAKi naive) and
with prior JAKi treatment including ruxolitinib (prior
JAKi) were enrolled simultaneously into the two arms of
the study:.

The study consisted of two periods, namely the treat-
ment period (cycle 1 day 1 to cycle 7 day 1 [C7D1]) and
treatment extension period (C7D1 to cycle 12 day 28
[C12D28]). The treatment period comprised six cycles of
28 days per cycle. At the end of the treatment period, on
C7D1, patients benefiting from the treatment as per the
investigator’s discretion with no evidence of disease pro-
gression could enter the treatment extension period.
Patients not meeting this criteria were discontinued from
the study at the end of the treatment period. A follow-up
visit was scheduled 30 days after the end-of-treatment
visit (C7D1, C12D28, or premature discontinuation).

The study comprised dose-escalation and expansion
phases. In the dose-escalation phase, successive cohorts
of minimum three patients received increasing doses of
ruxolitinib (6 mg bid to 40 mg bid) and buparlisib (40 mg
qd to 100 mg qd) until the MTD/RP2D was reached. An
additional six patients were enrolled to determine a dose
level as the MTD/RP2D.

The primary objective was to establish the MTD/RP2D
of the combination of ruxolitinib and buparlisib in each
arm as assessed by the incidence rate of DLTs. The key
secondary objective was to evaluate safety. Further
details of the eligibility criteria, methods, other secondary

objectives, and the statistical analysis used for this study
are provided in the Online Supplementary Material.

Sixty three patients (46% with primary MF, 31.7%
with post-polycythemia vera MF, and 22.2% with post-
essential thrombocythemia MF) were enrolled in the
study (JAKi naive, n=33; prior JAKi, n=30). The baseline
characteristics and patient disposition are summarized in
Table 1. At baseline, prior JAKi patients had lower hemo-
globin and platelet counts and a higher white blood cell
count compared with JAKi naive patients. AE (33.3%)
were the primary reason for the end of treatment. In the
dose-escalation phase, dose levels included for the ruxoli-
tinib bid/buparlisib qd combination were 10 mg/60 mg
(dose level 1, n=15), 15 mg/60 mg (dose level 2, n=42), 15
mg/80 mg (dose level 3, n=3), and 20 mg/80 mg (dose
level 4, n=3). The median duration of exposure to ruxoli-
tinib at MTD was 79.5 weeks (12-167.6 weeks) and 54.6
weeks (8-151.3 weeks) in the JAKi naive and prior JAKi
arms, respectively, and to buparlisib was 79.4 weeks
(2.4-167.4 weeks) and 54.5 weeks (7.1-151.1 weeks),
respectively. The analysis set per dose level is presented
in the Online Supplementary Table 1.

In the overall population, five patients (JAKi naive,
n=3; prior JAKi, n=2) experienced DLTs during the first
28 days; thrombocytopenia (JAKi naive, n=2; prior JAKi,
n=1), anxiety (JAKi naive, n=1; prior JAKi, n=0), and
depression (JAKi naive, n=0; prior JAKi, n=1).
MTD/RP2D was established at ruxolitinib 15 mg
bid/buparlisib 60 mg qd (dose level 2) for both arms."
The MTD/RP2D remained the same as confirmed by the
results of the expansion cohort, based on the 56 patients
in the dose-determining set (Table 2).

All patients included in the safety set (n=63) experi-
enced =1 AE (Online Supplementary Table 2). In the MTD
population, anxiety, depression, dizziness, dyspnea, and
stomatitis were the most common nonhematologic AEs.
The most frequent all-grade hematologic AE included
thrombocytopenia (JAKi naive, 63.6%; prior JAKi,
55.0%) and anemia (JAKi naive, 50.0%; prior JAKI],
55.0%). Grade 3/4 thrombocytopenia was higher with
prior JAKi (35.0%) compared with JAKi naive (22.7%).
Pneumonia (JAKi naive, 9.1%; prior JAKi, 15%) and
pyrexia (JAKi naive, 4.5%; prior JAKi, 10%) were the
most common serious AE in both arms. Progression to
acute myeloid leukemia was also reported (JAKi naive,
4.5%; prior JAKi, 10%).

Primary AE leading to study drug discontinuation in
the MTD population included thrombocytopenia (n=3),
anxiety (n=2), and depression (n=2) in the JAKi naive arm
and progression to acute myeloid leukemia (n=2) in the
prior JAKi arm. Dose reduction/interruptions in the
JAKi naive arm and prior JAKi arm were due to thrombo-
cytopenia (n=10; n=8, respectively) and anemia (n=2 in
both arms).

The frequency of infections, thrombocytopenia, and
psychiatric disorders were similar or slightly higher in
the prior JAKi arm compared with the JAKi naive arm
(Table 3). Seven on-treatment deaths occurred, which
were not related to the study treatment (Omnline
Supplementary Table 3).

At C7D1 and C12D28, the proportion of MTD patients
achieving a =50% reduction in the spleen length was 12
of 16 (75.0%) and 13 of 15 (86.7 %), respectively, in the
JAKi naive arm and 6 of 17 (35.3%) and 4 of 11 (36.4%),
respectively, in the prior JAKi arm. At C7D1, the propor-
tion of MTD patients in the expansion phase achieving a
235% reduction in the spleen volume was 5 of 9 (55.6%)
in the JAKIi naive arm and 3 of 7 (42.9%) in the prior JAKi
arm (Online Supplementary Figure 2A and Online
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Table 1. Baseline patient characteristics and patient disposition (full analysis set).

Demographic Variahle MTD Overall
JAKi naive Prior JAKi JAKi naive Prior JAKi
N=22 N=20 N=33 N=30
n (%) n (%) n (%) n (%)
Age, median (range), years 63.0 63.5 64.0 62.0 63.0
(37,83) (50,79) (37,83) (50,79) (37,83)
=65 years 9 (40.9) 10 (50.0) 14 (424) 13 (43.3) 27 (42.9)
Male 15 (68.2) 15 (75.0) 20 (60.6) 20 (66.7) 40 (63.5)
MF subtype
PMF 9.(40.9) 12 (60.0) 12 (36.4) 17 (56.7) 29 (46.0)
PPV MF 9 (40.9) 5 (25.0) 12 (36.4) 8 (26.7) 20 (31.7)
PET MF 4 (182) 3 (15.0) 9(27.3) 5 (16.7) 14 (22.2)
IPSS at study entry
Intermediate 1 6 (27.3) 1(5.0) 9(21.3) 3 (10.0) 12 (19.0)
Intermediate 2 6 (27.3) 6 (30.0) 7(21.2) 8 (26.7) 15 (23.8)
High risk 10 (45.5) 13 (65.0) 17 (51.5) 19 (63.3) 36 (57.1)
Outcome of previous treatment with JAKi
Nonresponder 0 5 (25.0) 0 8 (26.7) 8 (12.7)
Suboptimal responder (<25%) 0 2 (10.0) 0 3 (10.0) 3 (4.8)
Suboptimal responder (25%—49%) 0 3 (15.0) 0 4 (13.3) 4 (6.3)
Prior spleen responder with 0 10 (50.0) 0 15 (50.0) 15 (23.8)
subsequent progression
NA 22 (100.0) 0 33 (100.0) 0 33 (52.4)
Median time since diagnosis, months 6.57 43.55 7852 54.85 31.70
(0.46, 209.71) (9.63, 304.79) (0.46, 209.71) (9.63, 304.79) (0.46, 304.79)
JAK2 V617F-positive 15 (68.2) 13 (65.0) 24 (72.7) 20 (66.7) 44 (69.8)
JAK2 V617F-positive allele 7349 4781 65.24 47.81 52.02
burden, median (range) (2.5,95) (2.5,95) (2.5,95) (2.5,95) (2.5,95)
Hemoglobin, g/L, median (range) 113.5 94 110 96.5 106
(85, 141) (71, 156) (81, 144) (71,157) (71,157)
Platelet count, x 10L, median (range) 237 169 231 159 209
(113, 627) (81,939) (83,627) (80, 939) (80, 939)
WBC, x 10%L, median (range) 16.5 (2.6, 90) 219 (3.1, 86) 17 (2.6, 199.5) 14.6 (3.1,86)  15.9 (2.6, 199.5)
Blast percentage, median (range) 2(0,9) 2 (0, 6) 10,9 2 (0, 6) 2(0,9)
Reason for disposition
End of treatment 22 (100.0%) 20 (100.0%) 33 (100.0%) 30 (100.0%) 63 (100.0%)
Primary reasons for end of treatment
Adverse event(s) 10 (45.5%) 6 (30.0%) 12 (36.4%) 9 (30.0%) 21 (33.3%)
Subject withdrew consent 2 (9.1%) 0 3 (9.1%) 1 (3.3%) 4 (6.3%)
Administrative problems 4 (18.2%) 3 (15.0%) 6 (18.2%) 4 (13.3%) 10 (15.9%)
Death 1 (4.5%) 1 (5.0%) 2 (6.1%) 1 (3.3%) 3 (4.8%)
Disease progression 2 (9.1%) 6 (30.0%) 3 (9.1%) 8 (26.7%) 11 (17.5%)
Treatment duration completed 2 (9.1%) 2 (10.0%) 4 (12.1%) 5 (16.7%) 9 (14.3%)
Lack of efficacy 1 (4.5%) 2 (10.0%) 3 (9.1%) 2 (6.7%) 5 (7.9%)
Primary reasons for study evaluation completion
Adverse event(s) 5 (22.7%) 4 (20.0%) 7(21.2%) 5 (16.7%) 12 (19.0%)
Subject withdrew consent 2 (9.1%) 0 2 (6.1%) 1 (3.3%) 3 (4.8%)
Administrative problems 4 (18.2%) 1 (5.0%) 5 (15.2%) 1 (3.3%) 6 (9.5%)
Death 2 (9.1%) 4 (20.0%) 3 (9.1%) 4 (13.3%) 7 (11.1%)
Disease progression 2 (9.1%) 2 (10.0%) 3 (9.1%) 3 (10.0%) 6 (9.5%)
Follow-up phase completed as per protocol 7 (31.8%) 8 (40.0%) 11 (33.3%) 15 (50.0%) 26 (41.3%)
Lack of efficacy 0 1 (5.0%) 2 (6.1%) 1 (3.3%) 3 (4.8%)

IPSS: International Prognostic Scoring System; JAKIi: janus kinase inhibitor; MF: myelofibrosis; MTD: maximum tolerated dose; PET MF: post-essential thrombocythemia
myelofibrosis; PMF: primary myelofibrosis; PPV MF: post-polycythemia vera myelofibrosis; WBC: white blood count.
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Table 2. Dose-limiting toxicities occurring during cycle 1 (dose-determining set).

Thromhocytopenia

n (%)

JAKi naive

Dose level 1 (N=8) 1(12.5)
Dose level 2* (N=19) 1(5.3)
Total (N=27) 2(74)
JAKi prior

Dose level 1 (N=4) 0 (0.0)
Dose level 2* (N=19) 0 (0.0)
Dose level 3 (N=3) 0 (0.0)
Dose level 4 (N=3) 1(33.3)
Total (N=29) 1(34)

Anxiety Depression

n (%) n (%)

0 (0.0) 0 (0.0)
1(53) 0(0.0)
137 0 (0.0)
0 (0.0) 0(0.0)
0(0.0) 0(0.0)
0 (0.0) 0(0.0)
0 (0.0) 1(333)
0 (0.0) 1(34)

*MTD. Dose level 1,ruxolitinib 10 mg bid/buparlisib 60 mg qd; dose level 2, ruxolitinib 15 mg bid/buparlisib 60 mg qd; dose level 3, ruxolitinib 15 mg bid/buparlisib 80 mg
qd; dose level 4, ruxolitinib 20 mg bid/buparlisib 80 mg qd. bid: twice weekly; JAKi: Janus kinase inhibitor; MTD: maximum tolerated dose; qd: once daily.

Table 3. Adverse events of special interest (=30% in either arm) for ruxolitinib and buparlisib, regardless of study drug relationship by arm
(safety set).

Specific safety events

Any specific safety event categories for ruxolitinib
Total

Infections excluding tuberculosis
Thrombocytopenia

Anemia

Hemorrhage

Any specific safety event categories for buparlisib
Total

Thrombocytopenia, anemia, lymphopenia, neutropenia
Nausea, vomiting diarrhea

Respiratory tract infections

Psychiatric disorders

Asthenia, fatigue

Lipase increase

Hyperglycemia

Cardiovascular events

All JAKi naive patients All prior JAKi patients
N=33 N=30
n (%) n (%)

32 (97.0) 29 (96.7)
23 (69.7) 21 (70.0)
19 (57.6) 21 (70.0)
16 (48.5) 14 (46.7)
15 (45.5) 14 (46.7)
33 (100) 30 (100)
24 (T2.7) 24 (80.0)
20 (60.6) 22 (133)
15 (45.5) 17 (56.7)
15 (45.5) 16 (53.3)
8 (24.2) 18 (60.0)
11 (33.3) 15 (50.0)
12 (36.4) 12 (40.0)
5(15.2) 9 (30.0)

JAKi: janus kinase inhibitor.

Supplementary Figure 2B). The best response in the spleen
volume reduction in MTD patients is presented in the
Online Supplementary Figure 2C.

There was a remarkable improvement in the global
health status/quality of life, which was more prominent
in the JAKi naive arm than the prior JAKi arm at both
C7D1 and C12D28. Improvement in the 7-day
Myelofibrosis Symptom Assessment Form (MFSAF) from
baseline to week 24 in both the arms is shown in the
Online Supplementary Table 4. A modest effect was
observed on allele burden in both arms. Among MTD
patients, improvement in bone marrow fibrosis (n=1 in
each arm), stabilization (JAKi naive, n=2; prior JAKI,
n=4), and worsening by the end of treatment (JAKi naive,
n=1) were observed. Data for the overall population are
presented in the Ounline Supplementary Table 5. Buparlisib
did not impact the pharmacokinetics of ruxolitinib
(Online Supplementary Table 6).

To the best of our knowledge, HARMONY is the first
study presenting safety and efficacy data on ruxolitinib
and buparlisib combination in patients with MF. MTD
for the combination was determined to be 15 mg bid for
ruxolitinib and 60 mg qd for buparlisib in both JAKi naive
and prior JAKi arms." Individual MTD were 25 mg bid
for ruxolitinib and 100 mg qd for buparlisib.*"”* In our
study, MTD for the combination constituted lower doses
for both the drugs when compared with the single
agents. Additionally, no unexpected DLT were observed
with the combination. Thrombocytopenia, anxiety, and
depression were the DLT observed with the combination
in our study, which are consistent with the known profile
of these two drugs.””" The combination was well tolerat-
ed with a manageable safety profile and provided clinical-
ly relevant efficacy. No new safety signals were observed.

Approximately, 40% of the patients had a spleen vol-
ume reduction of =35% with the combination in the
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expansion phase. With ruxolitinib alone, 41.9% of
patients at week 24 in COMFORT-I and 28% of patients
at week 48 in COMFORT-II achieved a spleen volume
reduction of 235%."" In our study, the anticipated syn-
ergistic effect of the combination was not observed on
the spleen response. The combination demonstrated a
modest effect in the JAK allele burden in both arms, and
only a few patients had improvement or stabilization in
bone marrow fibrosis. However, two factors have to be
taken into account before interpreting this data; the small
sample size and short duration of the study.

Based on the modest, overall benefit-risk profile and
efficacy, the ruxolitinib and buparlisib combination will
not be progressed at this time.
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