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yelofibrosis (MF) is a chronic myeloproliferative

neoplasm characterized by bone marrow fibrosis

(BMF), cytopenias, splenomegaly, elevated proin-

flammatory cytokine levels, debilitating symptom
burden (eg, fatigue, pruritus, night sweats, weight loss),"? and
reduced survival.?

Ruxolitinib is a potent Janus kinase (JAK)1/JAK2 inhibitor
approved to treat ME. Panobinostat, a powerful pan-histone
deacetylase (HDAC) inhibitor, impaired JAK signaling and
effectively reduced splenomegaly and improved BMF in phase
1/2 studies.* The ruxolitinib/panobinostat combination has
demonstrated synergistic activity in preclinical MF models® and
a clinical study.® Results of the dose escalation and expansion
phases of a study assessing ruxolitinib and panobinostat in
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combination including data from patients who received >5 years
of treatment (NCT01433445) are presented here.

The key inclusion criteria were as follows: Adults >18 years
diagnosed with primary MEFE, postpolycythemia vera MF, or
postessential thrombocythemia MF (PPV/PET-MF); palpable
splenomegaly >5cm; ineligible/unwilling for stem cell trans-
plantation; classified as intermediate-1/2 or high risk using the
international prognostic scoring system (IPSS)/dynamic IPSS cri-
teria; discontinued all noninvestigational drugs for underlying
MEF disease.

The key exclusion criteria included splenic irradiation within
12 months; active malignancy within previous 3 years; history
of clinically significant toxicities with ruxolitinib, panobinostat,
or any JAK or HDAC inhibitor; history of platelet dysfunction,
bleeding diathesis, or coagulopathy; impaired cardiac function.
The expected sample size was 40-58 patients to establish the max-
imum tolerated dose/recommended phase 2 dose (MTD/RP2D).

We aimed to establish the MTD/RP2D for the ruxolitinib/
panobinostat combination (study treatment) in patients with
ME We used a dose-escalation phase (DEC), guided by the
Bayesian logistic regression model (BLRM), to establish the
MTD/RP2D. A dose-expansion phase (DEP) was used to fur-
ther explore the safety and efficacy at the achieved MTD/RP2D.
Following the BLRM, newly enrolled patients received increas-
ing doses of ruxolitinib (5-15 mg twice daily [BID]) and panobi-
nostat (10-25 mg thrice weekly/every other week [TIW/QOW]),
both in 5-mg increments, until MTD/RP2D was achieved.

The study was reviewed and approved by independent eth-
ics committees/local review boards at each participating insti-
tution and conducted according to the ethical principles of
the Declaration of Helsinki. All participants provided written
informed consent before screening.

The primary endpoint was evaluation of dose-limiting toxici-
ties (DLTs) with study treatment in cycle 1 (C1). Adverse events
(AEs) were assessed using the Common Terminology Criteria
for Adverse Events v4.03.

Efficacy was an exploratory outcome based on spleen palpation
in all patients, spleen volume reduction (SVR) using magnetic res-
onance imaging/computed tomography (MRI/CT), and biomark-
ers of response at the MTD/RP2D, compared with baseline values.

Biomarkers samples were collected in the DEP to determine
whether study treatment impacted JAK2V617F allele burden
and cytokine levels as potential markers of response. The muta-
tions involved in the etiology of MF” were investigated as poten-
tial prognostic markers.
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JAK2V617F allele burden: SmL of blood was collected on
day 1 of cycles 1, 2, 4, 7, 10, and 13 for JAK2V617F muta-
tion analysis in exon 14 using real-time quantitative polymerase
chain reaction (qQPCR) (Epistem Ltd, United Kingdom).

Cytokine analysis: 5mL of blood was collected on day 1 of
cycles 1, 2, 7, and 13, and processed according to the manu-
facturer’s instructions (Myriad RBM, United States) for protein
marker analysis using the Human MAP 2.0 panel.

Next-generation sequencing (NGS): 5mL of blood was col-
lected at screening for NGS using a 24-gene panel (Genoptix,
United States) (Suppl. Table S1).

The adaptive BLRM was used to identify the MTD, incorpo-
rating the escalation with overdose control (EWOC) principle.
DLTs were reported based on the dose-determining set (all eval-
uable patients in every dose combination) for all doses including
the MTD/RP2D.

Of the 61 patients in the study, 38 and 23 were in the DEC
and DEP, respectively (Suppl. Table S2; Suppl. Figure S1).

Three DLTs were observed during DEC (grade 4 throm-
bocytopenia [n = 1 each with ruxolitinib 10 mg/panobinos-
tat 10 mg and ruxolitinib 15 mg/panobinostat 20 mg cohort];
grade 3 nausea [n = 1, in ruxolitinib 15 mg/panobinostat 25 mg
cohort]). Thrombocytopenia and nausea were consistent with
the known profiles of both drugs.® MTD/RP2D was con-
firmed as ruxolitinib 15mg (BID)/panobinostat 25 mg (TIW/
QOW). Twenty-three patients were further treated at this dose
in DEP. When previously administered as single agents in MF
patients, the MTD/RP2D was 25 mg bid for ruxolitinib,” and
40 mg weekly,'” 40 mg thrice weekly,® or 25 mg thrice weekly
for panobinostat.*

Median (min-max) duration of study treatment exposure
was 139.9 weeks (3.1-387.0) for the MTD/RP2D. The most
common all-grade AEs (>50%) regardless of the relationship to
the study treatment were anemia (85.3%), diarrhea (76.5%),
and thrombocytopenia (52.9%) at the MTD/RP2D (Table 1),
which were similar to results from the COMFORT-II study!!
and consistent with the mechanism of action of JAK1/2 inhib-
itors. Nine patients (26.5%) receiving the MTD/RP2D experi-
enced serious AEs (SAE), suspected to be study-drug related,
and anemia, sepsis, and pulmonary hypertension (5.9%, n =
2 each) were the most common. Overall, 26 patients discon-
tinued treatment due to AEs, regardless of study-drug rela-
tionship, of which 15 patients discontinued at MTD/RP2D.
The most frequent AEs (25%; all patients versus MTD/RP2D)
included anemia (73.8% versus 85.3%), diarrhea (68.9% ver-
sus 76.5%), and thrombocytopenia (55.7% versus 52.9%).
Four on-treatment deaths were reported. Two patients were
in treatment with panobinostat 15mg/ruxolitinib 15mg
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(myocardial infarction, n = 1 and nasal cavity cancer treated
>5 years, n = 1). One patient died due to progressive MF
in treatment group panobinostat 20 mg/ruxolitinib 15mg,
and one death was reported at MTD/RP2D (cardiac arrest).
Overall, the safety profile of the combination was consistent
with that of the individual drugs. Hemoglobin levels decreased
from baseline through week 6 and remained relatively stable
throughout the study. Platelet counts in all treated patients
decreased from baseline through week 4 and remained rela-
tively stable throughout the study.

Spleen volume was assessed only in the DEP (n = 23),
whereas spleen length was measured in all patients (n = 61).
At least 35% SVR was achieved in 39.1% (n = 9/23 [95% CI
19.7,61.5]) of patients on cycle 4 day 1 (C4D1) compared with
baseline; 60.7% (n = 37/61 [95% CI 47.3, 72.9]) and 70.6%
(n = 24/34 [95% CI 52.5, 84.9]) of patients achieved at least
50% spleen length reduction (SLR) on C4D1 in all patients
and at MTD/RP2D, respectively, compared with baseline.
Waterfall plots for best SVR and SLR at any time are presented
in Figure 1A and B.

JAK2V617F mutation data were obtained for 22 patients
(17 mutated, 5 wild type). In the mutated population, only
3 patients showed >1 log2 fold reduction of JAK2 allele bur-
den in postbaseline assessments compared to baseline levels
(data not shown); none of these patients showed SVR >35%
and all were on treatment for <5 years. Overall, no correla-
tion between allele burden, SVR, and treatment duration was
found.

Selected plasma cytokines (including chemokines and growth
factors; Suppl. Table S3) involved in MF and regulated by
JAK1/2'? and HDAC inhibitors®® were analyzed until C13D1
(Suppl. Figure S2). Proinflammatory cytokine and chemokine
levels (eg, interleukin-8 [IL-8], monocyte chemoattract protein-1
[MCP-1], macrophage inflammatory protein-1$ [MIP-1f], and
macrophage derived chemokine [MDC]) were similar in all
patients regardless of whether SVR was achieved. We investi-
gated megakaryocytic markers, including thrombospondin-1,
which can lead to fibrosis via activation of TGF-B1 signaling
and tissue inhibitor of metalloproteinases (TIMPs), and the
simultaneous inhibition of angiogenesis via its receptor CD36
and inhibition of vascular epidermal growth factor (VEGF) sig-
naling®'*; however, levels of TIMP-1 or matrix metalloprotein-
ase (MMP) members and VEGF levels did not differ between the
responders and nonresponders.

NGS data were available from 20 patients (Suppl. Figure
S3). All patients in the subgroup displayed at least the pres-
ence of one high molecular risk (HMR) mutation (EZH2 2/20
[10%], ASXL1 10/20 [50%], SRSF2 18/20 [90%], IDH2 3/20

AEs by Grade, Regardless of Study-drug Relationship (>20% of Patients, All Grades, Safety Set)

Panobinostat 25mg
All patients escalation Ruxolitinib 15mg Patients treated Total patients

Preferred terms, n (%) phase (N = 38) expansion phase (N = 23) at MTD/RP2D (N = 34) (N =61)

All grades Grade >3 All grades Grade >3 All grades Grade >3 All grades  Grade >3
Number of subjects with at least one event 38(100.0) 33(86.9) 23 (100.0) 21(91.3) 34 (100.0) 31912 61(100.00  54(88.5)
Anemia 24 (63.2) 18 (47.4) 21 (91.3) 13 (56.5) 29 (85.3) 17 (60.0) 45 (73.8) 31(50.9)
Diarrhea 25 (65.8) 6(15.8) 17 (73.9) 5(21.7) 26 (76.5) 9 (26.5) 42 (68.9) 11 (18.0)
Thrombocytopenia 22 (57.9) 10 (26.3) 12 (52.2) 7 (30.4) 18 (52.9) 10 (29.4) 34 (55.7) 17 (27.9)
Asthenia 16 (42.1) 5(13.2) 11 (47.8) 143 18 (52.9) 5(14.7) 27 (44.3) 6(9.8)
Cough 12 (31.6) 0(0.0) 11 (47.8) 0(0.0) 14 (41.2) 0(0.0) 23 (37.7) 0(0.0)
Edema peripheral 14 (36.8) 0(0.0) 9(39.1) 0(0.0) 13 (38.2) 0(0.0) 23 (37.7) 0(0.0)
Muscle spasms 14 (36.8) 0(0.0) 8 (34.9) 0(0.0) 13 (38.2) 0(0.0) 22 (36.1) 0(0.0)
Nausea 14 (36.8) 3(7.9 7(30.4) 0(0.0) 13 (38.2) 2.9 21 (34.4) 3.9
Headache 13 (34.2) 0(0.0) 7(30.4) 0(0.0) 12 (35.3) 0(0.0) 20 (32.8) 0(0.0)

MTD/RP2D = maximum tolerated dose/recommended phase 2 dose.
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Figure 1. Best percentage change at any time. (A) Best percentage change in spleen volume for all patients in expansion Phase. Two patients who had no
available post-baseline spleen volume assessments are not summarized. Reference line indicates —35% change from baseline. (B) Best percentage change in
spleen length (cm) from baseline by group of treatment duration (full analysis set). One patient who had no available post-baseline spleen length assessments
was not summarized. Reference line indicates —50% change from baseline. The values on each bar indicates baseline spleen length (cm). DEP = dose-expan-

sion phase.

[15%])," identifying the population treated in the DEP as high
risk. Overall, a similar mutation profile was observed in patients
regardless of the SVR achieved.

In patients treated for >5 years (n = 17, median age: 60
years and 8 in MTD/RPIID) in this study, SAEs, regardless of
study-drug relationship, were reported in 64.7% (n = 11) of
patients, and 11.8% of patients (n = 2) discontinued treatment
due to AEs regardless of study-drug relationship (anaplastic
astrocytoma and nasal cavity cancer, n = 1 each). In this sub-
group of patients, the mean hemoglobin level and mean platelet
counts were higher over time than patients that were treated
for <5 years. At C4D1, the mean (SD) SVR was 34.4% (n = 4;
SD = 28.71) and the mean SLR was 67% (n = 17; SD = 26.37).
The mean best spleen length and mean SVR across all time points

was slightly higher in patients treated for 25 years compared to
patients treated <5 years, possibly justifying why patients stayed
longer on treatment.

Consistent with other reports,® the panobinostat/ruxoli-
tinib combination demonstrated the anticipated AEs but was
considered tolerable in a small number of patients as show-
cased by those experiencing clinical benefits after >5 years
of treatment.*%* Therefore, this combination was effective
in some advanced MF patients regardless of their molecu-
lar profile, although efficacy was an exploratory endpoint
and the overall response rate was not significant to support
further development. Other innovative and potentially more
tolerable and effective combinations with ruxolitinib should
be evaluated.
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