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An Italian population-based study on OS in 652 
higher risks MF patients receiving ruxolitinib

• Minimum follow-up: 3.5Y

• The 1-, 3- and 6-years OS rates 
were 85%, 63% and 34%, 
respectively

• Factors independently 
associated with mortality 
were male gender, older age 
classes, high MCS score and 
less than 20 mg BID as RUX 
initial dose

Mora et al. ASH 2023 Abs 4572



Covariate, reference vs comparator HR (95% CI)a P valueb

MOMENTUM

RBC transfusion status, TIc vs non-TI 5.18 (1.86-14.47) .0017

SIMPLIFY-1

RBC transfusion status, TIc vs non-TI 3.32 (2.31-4.78) <.0001

BL age, <65c vs ≥65 years 2.40 (1.59-3.64) <.0001

BL PLT count, ≥100c vs <100×109/L 1.97 (1.17-3.32) .0109

BL spleen volume, < medianc vs ≥ median 1.81 (1.25-2.62) .0015

SIMPLIFY-2d

RBC transfusion status, TIc vs non-TI 1.87 (1.07-3.29) .0287

BL age, <65c vs ≥65 years 2.71 (1.44-5.09) .0020

BL spleen volume, < medianc vs ≥ median 2.55 (1.55-4.20) .0002

BL DIPSS, intermediate-1c vs high risk 2.97 (1.27-6.91) .0118

BL DIPSS, intermediate-2c vs high risk 2.66 (1.47-4.82) .0013

Mesa R, et al. ASH 2023. Poster 3182. Gupta V, et al. ASH 2023. Poster 3188. 

RBC TI: time dependent covariate assessed every 4W, 
absence of RBC transfusion and no Hb level of <8 g/dL in 
the prior 12 weeks
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Treatment-agnostic prognostic factors for OS

68% 70%

13% 15%

Change in RBC needs intensity

Momelotinib: changes in RBC transfusion 
requirements and prognostic relavance



JAKi-naive MF



Pelabresib (BETi) + ruxolitinib in JAKi-naïve MF: the 
MANIFEST-2 random, double-blind, phase 3 study

*The starting dose for pelabresib was 125 mg QD and 
protocol-defined dose modifications based on AEs and 
treatment response allowed a dose range between 50 mg 
and 175 mg QD

Rampal R, et al. ASH 2023. Oral 628.

†Ruxolitinib was started at 10 mg BID (baseline platelet 
count 100–200 × 109/L) or 15 mg BID (baseline platelet 
count >200 × 109/L) with a mandatory dose increase by 5 
mg BID after one cycle and a maximum dose of 25 mg 
BID per label.

Median follow-
up: 11 months

27% discontinued 
study treatment
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MANIFEST-2: Baseline disease characteristics

Rampal R, et al. ASH 2023. Oral 628.
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PELA+RUX combo double SVR35 at Week 24 

Rampal R, et al. ASH 2023. Oral 628.

Rampal R, et al. ASH 2023. Oral 628 Pelabresib (CPI-0610) is an investigational new drug and has not been approved by any regulatory authority

Prespecified subgroup analyses at Week 24

12

Data cut off: August 31, 2023. CI, confidence interval; DIPSS, Dynamic International Prognostic Scoring System; MF, myelofibrosis; PET-MF, post-essential thrombocythemia myelofibrosis; PMF, primary myelofibrosis; 
PPV-MF, post-polycythemia vera myelofibrosis; Resp, number of responders; SVR35, ≥35% reduction in spleen volume; TSS, total symptom score. *Number of patients with Week 24 observations. 

SVR35 response consistently higher in pelabresib + ruxolitinib vs placebo + ruxolitinib across all predefined subgroups

Pelabresib + ruxolitinib (N=214) Placebo + ruxolitinib (N=216)

Resp Rate (%) (95% CI)

93 72.7 (64.9, 80.4)

48 37.8 (29.4, 46.2)

41 54.7 (43.4, 65.9)

25 33.8 (23.0, 44.6)

7 63.6 (30.8, 89.1)

3 20.0 (4.3, 48.1)

70 65.4 (56.4, 74.4)

36 32.7 (24.0, 41.5)

35 77.8 (65.6, 89.9)

22 41.5 (28.2, 54.8)

36 58.1 (45.8, 70.3)

18 34.0 (21.2, 46.7)

38 71.7 (59.6, 83.8)

19 32.2 (20.3, 44.1)

103 64.0 (56.6, 71.4)

57 36.3 (28.8, 43.8)

0  10 20 30 40 50 60 70 80 90 100

SVR35 (%)

N* Change from 
baseline (95% CI)

113 15.44 (17.88, 13.0)

112 13.44 (15.76, 11.11)

55 17.53 (21.77, 13.29)

58 11.91 (14.83, 8.99)

7 12.50 (24.21, 0.80)

12 16.96 (25.47, 8.46)

88 15.79 (18.85, 12.73)

92 12.99 (15.40, 10.58)

39 18.88 (22.77, 14.99)

48 15.68 (19.88, 11.47)

48 13.98 (18.12, 9.84)

42 10.75 (13.69, 7.82)

43 15.65 (19.04, 12.25)

48 16.13 (19.04, 13.22)

132 16.09 (18.63, 13.55)

134 12.13 (14.28, 9.98)

0 5 10 15 20 25 30

TSS improvement (absolute change)

DIPSS: Intermediate-1 risk

DIPSS: Intermediate-2 risk

DIPSS: High risk

MF subtype: PMF

MF subtype: PPV-MF

MF subtype: PET-MF

Baseline spleen volume: ≥1800 cm3

Baseline spleen volume: <1800 cm3
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PELA+RUX combo do not significantly improve TSS

Rampal R, et al. ASH 2023. Oral 628.

TSS change from baseline to Week 24

TSS50 at Week 24

Rampal R, et al. ASH 2023. Oral 628.
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PELA+RUX combo: effect of hemoglobin

Rampal R, et al. ASH 2023. Oral 628.
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PELA+RUX adverse events

Rampal R, et al. ASH 2023. Oral 628.
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Navitoclax (BCL2/BCLXLi) + ruxolitinib in JAKi-naïve 
MF: the TRANSFORM-1 random, 2-blind, P3 study

Pemmaraju N. et al. ASH 2023. Oral 620.

Median follow-
up: 15 months

33% discontinued 
study treatment
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TRANFORM-1: Baseline disease characteristics

Pemmaraju N. et al. ASH 2023. Oral 620.



NAVI+RUX combo double SVR35 at Week 24 

Pemmaraju N. et al. ASH 2023. Oral 620.
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NAVI+RUX combo do not significantly improve TSS

Pemmaraju N. et al. ASH 2023. Oral 620.



NAVI+RUX adverse events

Pemmaraju N. et al. ASH 2023. Oral 620.



Study design Safety Results

Phase 1 of XPORT-MF-034 was an open-label study evaluating the safety and efficacy of 
selinexor 40mg and 60mg once-weekly plus ruxolitinib in patients with JAKi-naïve MF

TEAEs SEL 60 mg QW  
+ RUX (N=14)

Any grade (≥30% overall), n (%)
Nausea 11 (78.6)
Anemia 9 (64.3)
Thrombocytopenia 9 (64.3)
Fatigue 8 (57.1)
Constipation 7 (50.0)
Vomiting 7 (50.0)
Dyspnea 5 (35.7)
Headache 5 (35.7)
Hyponatremia 5 (35.7)
Leukopenia 5 (35.7)
Neutropenia 5 (35.7)

Grade 3+ (>5%), n (%)
Anemia 6 (42.9)
Thrombocytopenia 4 (28.6)
Back pain 2 (14.3)
Neutropenia 1 (7.1)
Atrial fibrillation 1 (7.1)
Leukopenia 1 (7.1)

TRAEs leading to treatment discontinuations, n (%)
Thrombocytopenia, Grade 3 1 (7.1)
Peripheral neuropathy, Grade 3 1 (7.1)

Selinexor + RUX in JAKi-naïve patients with MF, 
open label phase 1 XPORT-MF-034

Tantravahi S, et al. ASH 2023. Oral 622.

Patient Demographics and Baseline Characteristics 
of Selinexor 60 mg QW Cohort*

CALR, calreticulin; HMR, high-molecular risk; max, maximum; min, minimum; MPL, myeloproliferative leukemia virus; TSS, total symptom score.
*Data cutoff date: August 01, 2023; †High-molecular risk genes include: ASXL1, EZH2, IDH1, IDH2, SRSF2, and U2AF1; ‡Based on the Myelofibrosis Symptom Assessment Form version 4.0 in patients with nonzero baseline score (N=12).
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Selinexor 60 mg QW 
+ ruxolitinib

(N = 14)
Demographics

Age (years) median (min, max) 64.5 (58, 77)
Sex (female), n (%) 5 (35.7)
Weight (kg), median (min, max) 77.5 (54.7, 141.9)

Transfusion status, n (%)
Transfusion independent 13 (92.9)
Transfusion dependent 1 (7.1)

MF type, n (%)
Primary MF 7 (50.0)
Post-essential thrombocythemia MF 4 (28.6)
Post polycythemia vera MF 3 (21.4)

Mutations, n (%)
JAK2 11 (78.6)
CALR 2 (14.3)
MPL 1 (7.1)
HMR† 5 (35.7)

As of August 1, 2023, a total of 24 patients received at least one dose of selinexor (40 mg: n = 10; 60 mg: n = 14)

Selinexor 60 mg QW 
+ ruxolitinib

(N = 14)
DIPSS risk, n (%)

Intermediate-1 3 (21.4)
Intermediate-2 8 (57.1)
High risk 3 (21.4)

Hemoglobin (g/dL) at baseline, n (%)
< 10 8 (57.1)
≥ 10 6 (42.9)

Platelet count (109/L) at baseline, n (%)
100 to < 150 2 (14.3)
≥ 150 12 (85.7)

Baseline spleen volume (cm3), median 
(min, max) 1961.6 (650.1, 3657.0)

Baseline TSS, mean (SD)‡ 21.6 (18.1)

Patient Demographics and Baseline Characteristics 
of Selinexor 60 mg QW Cohort*

CALR, calreticulin; HMR, high-molecular risk; max, maximum; min, minimum; MPL, myeloproliferative leukemia virus; TSS, total symptom score.
*Data cutoff date: August 01, 2023; †High-molecular risk genes include: ASXL1, EZH2, IDH1, IDH2, SRSF2, and U2AF1; ‡Based on the Myelofibrosis Symptom Assessment Form version 4.0 in patients with nonzero baseline score (N=12).
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Baseline spleen volume (cm3), median 
(min, max) 1961.6 (650.1, 3657.0)

Baseline TSS, mean (SD)‡ 21.6 (18.1)



Tantravahi S, et al. ASH 2023. Oral 622.

All patients in the efficacy 
evaluable population treated with 
selinexor 60 mg QW achieved 
SVR35 at any time

90% of patients in the efficacy 
evaluable population treated 
with selinexor 60 mg QW 
achieved TSS50 at any time

Selinexor+RUX in JAKi-naïve patients with MF: 
XPORT-MF-034



Lavie D, et al. Presented at ASH 2023. Oral 623.

BMS-986158, BETi, + RUX (JAKi-naïve) or + FEDR 
(RUX-exposed) in int- or high-risk MF

100% of patients treated with 2 mg BMS-
986158 and 75% treated with 3 mg achieved 
SVR35 by 24 weeks

100% of patients treated with 1 mg BMS-986158 
achieved SVR35 by 24 weeks

1L MF: Spleen volume reduction
BMS-986158 + ruxolitinib

2L MF: Spleen volume reduction
BMS-986158 + fedratinib

Hematological 
toxicity as main 
adverse event



JAKi-exposed MF



Fedratinib in patients with MF previously treated
with RUX: phase 3 randomized FREEDOM2 study

Efficacy
• SVR25 at EOC6 and SVR35 during the full treatment course were superior among patients 

who received fedratinib compared with BAT (Figures 2A–B)

• Patients in the fedratinib arm also experienced higher rates of symptom response  
(≥ 50% reduction in MFSAF TSS) at EOC6 compared with BAT (34.1% vs 16.9%, P = 0.0033; 
Figure 2B)

• SVR35 benefit of fedratinib compared with BAT at EOC6 was observed across all clinically 
relevant subgroups (Figure 3)

 — While benefits were observed in all subgroups, descriptive analysis indicated that there  
was a trend towards greater efficacy for patients who were intolerant to prior ruxolitinib 
compared with those who were relapsed/refractory and for patients with a lower 
platelet count (50 to < 100 x 109/L) at baseline

Introduction

• Myelofibrosis (MF) is a chronic, progressive myeloproliferative neoplasm resulting in bone 
marrow fibrosis and hyperplasia1

 — MF is often associated with splenomegaly, anemia, and symptoms that negatively affect 
quality of life2

• Patients with MF treated with the Janus kinase inhibitor (JAKi) ruxolitinib show spleen 
volume reduction (SVR) and symptom reduction

 — However, most patients develop ruxolitinib intolerance or relapsed/refractory disease, 
and median survival after ruxolitinib discontinuation is 13–14 months3-5

• Fedratinib is an oral selective JAKi approved for the treatment of patients with MF, 
including those previously treated with ruxolitinib6

• Fedratinib delivered SVR ≥ 35% (range, 26%–31%) and symptom reduction (range, 27%–44%) 
in the single-arm JAKARTA2 and FREEDOM studies7-9

• The phase 3, open-label, randomized FREEDOM2 trial (NCT03952039) evaluated the safety 
and efficacy of fedratinib compared with best available therapy (BAT) in patients with MF 
previously treated with ruxolitinib

Methods
• Eligible patients were enrolled and randomized 2:1 to receive either fedratinib 400 mg/day  

or BAT (Figure 1) 

Table 2. TRAEs occurring during the first 6 treatment cycles in ≥ 5% patients in any group

System organ class
Preferred term

Any grade Grade 3/4

Fedratinib
(n = 134)

BAT
(n = 67)

Fedratinib
(n = 134)

BAT
(n = 67)

Patients with ≥ 1 TRAE related to 
study drug 109 (81.3) 23 (34.3) 52 (38.8) 8 (11.9)

Gastrointestinal disorders
Diarrhea
Nausea
Vomiting
Constipation

80 (59.7)
51 (38.1)
43 (32.1)
18 (13.4)
12 (9.0)

6 (9.0)
0

1 (1.5)
1 (1.5)
3 (4.5)

5 (3.7)
1 (0.7) 
1 (0.7)

0
0

0
0 
0
0
0

Blood and lymphatic system disorders
Thrombocytopenia
Anemia

33 (24.6)
22 (16.4)
18 (13.4)

12 (17.9)
3 (4.5)
9 (13.4)

26 (19.4)
16 (11.9)
12 (9.0)

8 (11.9)
2 (3.0)
6 (9.0)

Investigations
Alanine aminotransferase increased
Vitamin B1 decreased

26 (19.4)
10 (7.5)
9 (6.7)

0
0
0

7 (5.2)
4 (3.0)

0

0
0
0

Renal and urinary disorders 17 (12.7) 0 13 (9.7) 0

Metabolism and nutrition disorders 14 (10.4) 4 (6.0) 8 (6.0) 0

General disorders and administration 
site conditions 11 (8.2) 4 (6.0) 4 (3.0) 0

Skin and subcutaneous tissue 
disorders 11 (8.2) 2 (3.0) 0 0

Musculoskeletal and connective 
tissue disorders 9 (6.7) 3 (4.5) 0 0

Nervous system disorders 9 (6.7) 0 0 0

Data shown are n (%). Assessed in safety population.

• A 14-day ruxolitinib washout period was required prior to randomization
• Fedratinib 400 mg orally once daily (administered as 4 x 100 mg capsules) was self-

administered on an outpatient basis, preferably together with an evening meal and at the 
same time each day

 — Dose modifications to 200 mg or 300 mg daily were permitted in the event of grade 3/4 
thrombocytopenia with major bleeding, grade 4 neutropenia, hepatic abnormalities 
(grade ≥ 3 AST, ALT, or total bilirubin), grade ≥ 3 or grade 2 recurring GI AEs or other 
grade ≥ 3 toxicities (grade ≥ 2 peripheral neuropathies)

 — Patients were monitored for low thiamine levels and prophylactic thiamine 
supplementation was mandated after protocol amendment (April 23, 2021)

 — Prophylactic use of antiemetics and symptomatic use of antidiarrheals was recommended
• BAT was not limited to JAKi and could include any investigator-selected treatment used and/

or modified according to local prescribing information, or ‘no-treatment’/supportive care
 — Investigational agents, fedratinib, and hematopoietic stem cell transplantation were 
excluded

• Patients were treated until intolerance or lack of efficacy and followed up every 3 months 
until death, withdrawal of consent, or study closure

Results

Baseline characteristics
• Baseline characteristics are listed in Table 1

Disposition
• Among 201 randomized patients:

 — 134 were allocated to receive fedratinib
 — 67 were allocated to receive BAT
• 77.6% of patients received ruxolitinib as BAT; other frequent therapies included  

RBC transfusion (28.4%) and hydroxyurea (19.4%)
 — 46 patients from the BAT arm subsequently crossed over to receive fedratinib

• At data cutoff (December 27, 2022), median (interquartile range [IQR]) treatment duration 
was 43.0 (19.0–75.1) weeks of fedratinib and 24.7 (22.6–26.7) weeks of BAT

 — 43 patients in the fedratinib arm had treatment ongoing
 — 28 patients in the BAT arm, including 25 crossover patients, had treatment ongoing
 — 91 patients in the fedratinib arm discontinued treatment
 — 39 patients in the BAT arm, including 21 crossover patients, had discontinued treatment
• Primary reasons for treatment discontinuation were AE (fedratinib, n = 22; BAT, n = 8), 

withdrawal by patient (fedratinib, n = 17; BAT, n = 12), and death (fedratinib, n = 13; 
BAT, n = 6)

 — 74.6% of patients in the fedratinib arm completed 6 cycles of treatment
 — Patients receiving ruxolitinib as BAT had a median (IQR) treatment duration of 25.0  
(22.6–26.6) weeks

Presented at the 65th American Society of Hematology (ASH) Annual Meeting; December 9–12, 2023; San Diego, CA, USA & Online www.globalbmsmedinfo.com Copies of this poster obtained through Quick Response (QR) code are for personal use only and may not be reproduced without permission from ASH or the author of this poster
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Table 1. Baseline demographics and disease characteristics 

Parameter
Fedratinib
(n = 134)

BAT
(n = 67)

Total
(N = 201)

Median age, years (IQR) 70 (64-74) 68 (64-73) 70 (64-74)

Sex, male 75 (56.0) 30 (44.8) 105 (52.2)

Ethnicity
Hispanic or Latino
Not Hispanic or Latino
Unknown

8 (6.0)
106 (79.1)
20 (14.9)

3 (4.5)
57 (85.1)
7 (10.4)

11 (5.5)
163 (81.1)
27 (13.4)

Racea

White
Asian
American Indian or Alaska Native
Unknown

106 (79.1)
9 (6.7)

0
19 (14.2)

58 (86.6)
5 (7.5)
1 (1.5)
3 (4.5)

164 (81.6)
14 (7.0)
1 (0.5)

22 (10.9)

Disease diagnosis
PMF
Post-PV MF
Post-ET MF

75 (56.0)
33 (24.6)
26 (19.4)

35 (52.2)
21 (31.3)
11 (16.4)

110 (54.7)
54 (26.9)
37 (18.4)

Median time from MF diagnosis to consent, months (IQR) 43.4 (13.5-84.5) 57.7 (25.6-98.3) 49.1 (16.5-91.9)

Risk status
PMF
Post-PV MF
Post-ET MF

102 (76.1)
30 (22.4)
2 (1.5)

51 (76.1)
16 (23.9)

0

153 (76.1)
46 (22.9)
2 (1.0)

Baseline ECOG performance status 
0
1
2
3

35 (26.1)
76 (56.7)
22 (16.4)
1 (0.7)b

20 (29.9)
35 (52.2)
11 (16.4)
1 (1.5)b

55 (27.4)
111 (55.2)
33 (16.4)
2 (1.0)b

RBC transfusion dependence 29 (21.6) 11 (16.4) 40 (19.9)

Platelet count at baseline
< 50 x 109/L
50 – < 100 x 109/L
≥ 100 x 109/L
Missing

10 (7.5)b

34 (25.4)
85 (63.4)
5 (3.7)

4 (6.0)b

21 (31.3)
39 (58.2)
3 (4.5)

14 (7.0)b

55 (27.4)
124 (61.7)

8 (4.0)

Bone marrow fibrosis grade 
1
2
3
Unknown

7 (5.2)
48 (35.8)
55 (41.0)
24 (17.9)

5 (7.5)
26 (38.8)
29 (43.3)
7 (10.4)

12 (6.0)
74 (36.8)
84 (41.8)
31 (15.4)

JAK2/CALR/MPL mutational status 
Mutant

JAK2
CALR
MPL

Triple negative
Incomplete testing

119 (88.8)
94 (70.1)
25 (18.7)
2 (1.5)
3 (2.2)
12 (9.0)

64 (95.5)
48 (71.6)
14 (20.9)
3 (4.5)

0
3 (4.5)

183 (91.0)
142 (70.6)
39 (19.4)
5 (2.5)
3 (1.5)
15 (7.5)

Spleen volume at baseline, median, mL (IQR) 2622 (1892–3838) 2693 (1564–3760) 2679 (1749–3835)

Spleen size by palpation at baseline, median (IQR)
< 15 cm below LCM
≥ 15 cm below LCM

16 (9–20)
59 (44.0)
75 (56.0)

15 (9–20)
28 (41.8)
39 (58.2)

16 (9–20)
87 (43.3)
114 (56.7)

Constitutional symptoms 84 (62.7) 42 (62.7) 126 (62.7)

Baseline MFSAF TSS, median (IQR) 27 (17-40) 31 (16-43) 28 (16-43)

Data shown are n (%) unless otherwise indicated. aNo patients identified as Black or Native Hawaiian; bPatients with platelets < 50 x 109/L and patients with 
ECOG PS 3 were enrolled due to protocol deviations, and were included in ITT analysis CALR, calreticulin; MPL, myeloproliferative leukemia; PMF, primary MF.

• In the FREEDOM2 trial, patients with intermediate- 
and high-risk MF previously treated with ruxolitinib  
had superior SVR35 and symptom response when 
treated with fedratinib compared with BAT, indicating 
a beneficial effect of fedratinib in this population 

 — The primary endpoint of SVR35 at EOC6 was met by 
35.8% of patients in the fedratinib arm compared 
with 6.0% of patients in the BAT arm (P < 0.0001) 
(Figure 2A)

 — Most patients treated with fedratinib showed a 
reduction in spleen volume from baseline at EOC6 
(Figure 2B)

• This fedratinib trial proactively assessed a GI 
mitigation strategy and included thiamine monitoring 
and guidelines for thiamine supplementation

 — GI AEs were observed at lower frequency than in 
JAKARTA27 

 — Low thiamine was more common with fedratinib 
compared with BAT; Wernicke's encephalopathy 
was rare (1 case) and controlled with thiamine 
supplementation

Figure 1. Study design 
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aPatients must have received ruxolitinib for ≥ 3 months with < 10% SVR by MRI or < 30% decrease from baseline in spleen size by palpation or regrowth to 
these parameters (relapsed/refractory), or for ≥ 28 days with development of RBC transfusion requirement (≥ 2 units/month for 2 months) or grade ≥ 3 
thrombocytopenia, anemia, hematoma, or hemorrhage (intolerant); bThiamine lower limit of normal 70 nmol/L, upper limit of normal 180 nmol/L; 
cStratification factors by spleen size by palpation (< 15 cm below LCM vs ≥ 15 cm below LCM), platelet counts (50–< 100 x 109/L vs ≥ 100 x 109/L), and 
ruxolitinib refractory/relapsed versus intolerant; dSVR35 defined as the proportion of patients with ≥ 35% SVR from baseline by IRC; eSymptom response 
defined as the proportion of patients with ≥ 50% improvement in MFSAF TSS from baseline.
AE, adverse event; ANC, absolute neutrophil count; AML, acute myeloid leukemia; DIPSS, Dynamic International Prognostic Scoring System; EOC, end of cycle;  
ET, essential thrombocythemia; GI, gastrointestinal; int, intermediate; IRC, Independent Review Committee, left costal margin; MFSAF, Myelofibrosis Symptom 
Assessment Form; MPN, myeloproliferative neoplasm; PB, peripheral blood; PRO, patient-reported outcome; PV, polycythemia vera; QoL, quality of life;  
RBC, red blood cell; TSS, total symptom score.

Figure 3. Subgroup analysis of SVR35 at EOC6

Reason for ruxolitinib failure

Platelet count at baseline

Refractory or relapsed

Intolerance

≥ 100 x 109/L

50 – < 100 x 109/L

Difference (%)

-100 -50 0 100

Subgroup Favors BAT Favors fedratinib

50

Subgroup analysis of ITT population. M, number of patients in ITT population in subgroup; n, number of patients within subgroup with SVR35 at EOC6. 

Conclusions
• In the FREEDOM2 trial, patients with MF previously treated with ruxolitinib had 

superior SVR and symptom response when treated with fedratinib compared with BAT
 — Patients treated with fedratinib showed benefit in SVR35 at EOC6, SVR35 at any 
time, and SVR25

 — Superior SVR35 was observed in all subgroups, including patients with lower platelet 
count (50 to < 100 x 109/L) at baseline

 — Patients treated with fedratinib also experienced cytokine profile changes that 
correlated with response10

• Potent clinical benefit was observed despite the comparatively higher-risk disease in 
the FREEDOM2 patient population compared with the FREEDOM and JAKARTA2 trials7,8

• In the BAT arm, most patients remained on the same therapy they were receiving 
prior to study entry, and consistent therapy may have allowed for prestudy resolution 
and/or management of AEs; however, differences in AE rates between treatment arms 
in FREEDOM2 were consistent with other studies comparing novel JAKi with BAT11

• Most (77.6%) patients in the BAT arm received ruxolitinib rechallenge, highlighting a 
clinical need for an alternative JAKi after ruxolitinib failure or intolerance

• Despite higher AE rates in the fedratinib arm compared with the BAT arm, relative dose 
intensity for fedratinib remained high and most patients completed 6 cycles of treatment

• The safety profile of fedratinib was consistent with previous studies7,8 and no new 
safety concerns were identified

 — GI AEs were generally grade 1/2 and onset during early cycles
 — Wernicke's encephalopathy was rare (1 case) and rapidly resolved with thiamine 
supplementation

• Together, these results indicate that fedratinib is a promising option for second-line 
JAKi treatment of MF
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Figure 4. Any-grade GI TEAEs by cycle (safety population)
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Safety 
• During the first 6 cycles of treatment, in the safety population:

 — TEAEs occurred in 132 (98.5%) of patients in the fedratinib arm and 65 (97.0%) of 
patients in the BAT arm 

 — Treatment-related adverse events (TRAEs) occurred in 109 (81.3%) patients in the 
fedratinib arm and 23 (34.3%) patients in the BAT arm (Table 2)

• The most frequently occurring any-grade TRAEs during the first 6 cycles in patients in the 
fedratinib arm were diarrhea (38.1% fedratinib vs 0% BAT) and nausea (32.1% fedratinib 
vs 1.5% BAT) 

 Ò Most cases were grade 1/2 in severity with onset during early cycles (Figure 4)

 — The most frequently occurring grade 3/4 TRAEs during the first 6 cycles were 
thrombocytopenia (11.9% fedratinib vs 3.0% BAT) and anemia (9.0% in both arms) 

 — TRAEs of increased blood creatinine and acute kidney injury occurred in 6 (4.5%) and 3 
(2.2%) patients in the fedratinib arm, respectively (0 events in the BAT arm) during the 
full treatment period

• Thiamine levels below normal range were reported in 28 (20.9%) patients in the fedratinib 
arm and 3 (4.5%) patients in the BAT arm during the entire treatment period

• There was a single grade 1 case of suspected Wernicke's encephalopathy in the fedratinib 
arm during cycle 3, which resolved fully 24 hours after thiamine supplementation (0 cases 
in BAT arm) 

• In total, 70 (52.2%) patients in the fedratinib arm and 20 (29.9%) patients in the BAT arm 
had dose interruption/reduction

 — Median time to first reduction/interruption was 44.0 days in the fedratinib arm and 56.5 
days in the BAT arm

• TEAEs leading to permanent treatment discontinuation occurred in 13 (9.7%) and 4 (6.0%) 
patients in the fedratinib and BAT arms, respectively

Figure 2. Percentage change in spleen volume from baseline to EOC6, and spleen volume, and symptom response

P < 0.0001 P < 0.0001 P < 0.0001P = 0.0033
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In panel A, values in bars show number of patients with response over total evaluable patients for the endpoint; values above bars show % responders (95% CI) with P value. Two-sided 95% CI is based on the exact Clopper–Pearson method; P value is 1-sided based on Cochran–Mantel–
Haenszel test using the Greenland and Robins method to adjust for stratification factors: spleen size by palpation and platelet counts. The third stratification factor, refractory/relapsed or intolerance to ruxolitinib treatment, was dropped due to the small cell count issue; aFor patients 
with missing EOC6 assessment due to reasons other than treatment switch and treatment discontinuation because of death or progressive disease, data were imputed using multiple imputation methods; 30 imputed datasets were created and combined using Rubin's rules, the number of 
responders was back calculated from the pooled adjusted response rate; bSymptom response was evaluated in the ITT population with non-zero baseline TSS; cSVR rates in the waterfall plot are calculated based on evaluable patients with baseline and EOC6 spleen volume measurements 
(fedratinib, n = 95; BAT, n = 53).

• During the first 6 cycles, 6 deaths occurred in the fedratinib arm and 1 in the BAT arm
 — In the fedratinib group, causes of death not related to fedratinib included general 
deterioration resulting from MF disease progression (n = 2), sepsis from rapidly onsetting 
splenomegaly (n = 1), COVID-19–related multi-organ failure (n = 1), and COVID-19–related 
respiratory failure (n = 1)

 — There was 1 fatal TEAE of acute kidney injury reported as related to fedratinib
 — One patient in the BAT arm died from COVID-19–related pneumonia
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FEDR achieved SVR35 at EOC6 in 35.8% of 
patients vs. 6.0% with BAT 

Efficacy
• SVR25 at EOC6 and SVR35 during the full treatment course were superior among patients 

who received fedratinib compared with BAT (Figures 2A–B)

• Patients in the fedratinib arm also experienced higher rates of symptom response  
(≥ 50% reduction in MFSAF TSS) at EOC6 compared with BAT (34.1% vs 16.9%, P = 0.0033; 
Figure 2B)

• SVR35 benefit of fedratinib compared with BAT at EOC6 was observed across all clinically 
relevant subgroups (Figure 3)

 — While benefits were observed in all subgroups, descriptive analysis indicated that there  
was a trend towards greater efficacy for patients who were intolerant to prior ruxolitinib 
compared with those who were relapsed/refractory and for patients with a lower 
platelet count (50 to < 100 x 109/L) at baseline

Introduction

• Myelofibrosis (MF) is a chronic, progressive myeloproliferative neoplasm resulting in bone 
marrow fibrosis and hyperplasia1

 — MF is often associated with splenomegaly, anemia, and symptoms that negatively affect 
quality of life2

• Patients with MF treated with the Janus kinase inhibitor (JAKi) ruxolitinib show spleen 
volume reduction (SVR) and symptom reduction

 — However, most patients develop ruxolitinib intolerance or relapsed/refractory disease, 
and median survival after ruxolitinib discontinuation is 13–14 months3-5

• Fedratinib is an oral selective JAKi approved for the treatment of patients with MF, 
including those previously treated with ruxolitinib6

• Fedratinib delivered SVR ≥ 35% (range, 26%–31%) and symptom reduction (range, 27%–44%) 
in the single-arm JAKARTA2 and FREEDOM studies7-9

• The phase 3, open-label, randomized FREEDOM2 trial (NCT03952039) evaluated the safety 
and efficacy of fedratinib compared with best available therapy (BAT) in patients with MF 
previously treated with ruxolitinib

Methods
• Eligible patients were enrolled and randomized 2:1 to receive either fedratinib 400 mg/day  

or BAT (Figure 1) 

Table 2. TRAEs occurring during the first 6 treatment cycles in ≥ 5% patients in any group

System organ class
Preferred term

Any grade Grade 3/4

Fedratinib
(n = 134)

BAT
(n = 67)

Fedratinib
(n = 134)

BAT
(n = 67)

Patients with ≥ 1 TRAE related to 
study drug 109 (81.3) 23 (34.3) 52 (38.8) 8 (11.9)

Gastrointestinal disorders
Diarrhea
Nausea
Vomiting
Constipation

80 (59.7)
51 (38.1)
43 (32.1)
18 (13.4)
12 (9.0)

6 (9.0)
0

1 (1.5)
1 (1.5)
3 (4.5)

5 (3.7)
1 (0.7) 
1 (0.7)

0
0

0
0 
0
0
0

Blood and lymphatic system disorders
Thrombocytopenia
Anemia

33 (24.6)
22 (16.4)
18 (13.4)

12 (17.9)
3 (4.5)
9 (13.4)

26 (19.4)
16 (11.9)
12 (9.0)

8 (11.9)
2 (3.0)
6 (9.0)

Investigations
Alanine aminotransferase increased
Vitamin B1 decreased

26 (19.4)
10 (7.5)
9 (6.7)

0
0
0

7 (5.2)
4 (3.0)

0

0
0
0

Renal and urinary disorders 17 (12.7) 0 13 (9.7) 0

Metabolism and nutrition disorders 14 (10.4) 4 (6.0) 8 (6.0) 0

General disorders and administration 
site conditions 11 (8.2) 4 (6.0) 4 (3.0) 0

Skin and subcutaneous tissue 
disorders 11 (8.2) 2 (3.0) 0 0

Musculoskeletal and connective 
tissue disorders 9 (6.7) 3 (4.5) 0 0

Nervous system disorders 9 (6.7) 0 0 0

Data shown are n (%). Assessed in safety population.

• A 14-day ruxolitinib washout period was required prior to randomization
• Fedratinib 400 mg orally once daily (administered as 4 x 100 mg capsules) was self-

administered on an outpatient basis, preferably together with an evening meal and at the 
same time each day

 — Dose modifications to 200 mg or 300 mg daily were permitted in the event of grade 3/4 
thrombocytopenia with major bleeding, grade 4 neutropenia, hepatic abnormalities 
(grade ≥ 3 AST, ALT, or total bilirubin), grade ≥ 3 or grade 2 recurring GI AEs or other 
grade ≥ 3 toxicities (grade ≥ 2 peripheral neuropathies)

 — Patients were monitored for low thiamine levels and prophylactic thiamine 
supplementation was mandated after protocol amendment (April 23, 2021)

 — Prophylactic use of antiemetics and symptomatic use of antidiarrheals was recommended
• BAT was not limited to JAKi and could include any investigator-selected treatment used and/

or modified according to local prescribing information, or ‘no-treatment’/supportive care
 — Investigational agents, fedratinib, and hematopoietic stem cell transplantation were 
excluded

• Patients were treated until intolerance or lack of efficacy and followed up every 3 months 
until death, withdrawal of consent, or study closure

Results

Baseline characteristics
• Baseline characteristics are listed in Table 1

Disposition
• Among 201 randomized patients:

 — 134 were allocated to receive fedratinib
 — 67 were allocated to receive BAT
• 77.6% of patients received ruxolitinib as BAT; other frequent therapies included  

RBC transfusion (28.4%) and hydroxyurea (19.4%)
 — 46 patients from the BAT arm subsequently crossed over to receive fedratinib

• At data cutoff (December 27, 2022), median (interquartile range [IQR]) treatment duration 
was 43.0 (19.0–75.1) weeks of fedratinib and 24.7 (22.6–26.7) weeks of BAT

 — 43 patients in the fedratinib arm had treatment ongoing
 — 28 patients in the BAT arm, including 25 crossover patients, had treatment ongoing
 — 91 patients in the fedratinib arm discontinued treatment
 — 39 patients in the BAT arm, including 21 crossover patients, had discontinued treatment
• Primary reasons for treatment discontinuation were AE (fedratinib, n = 22; BAT, n = 8), 

withdrawal by patient (fedratinib, n = 17; BAT, n = 12), and death (fedratinib, n = 13; 
BAT, n = 6)

 — 74.6% of patients in the fedratinib arm completed 6 cycles of treatment
 — Patients receiving ruxolitinib as BAT had a median (IQR) treatment duration of 25.0  
(22.6–26.6) weeks
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Table 1. Baseline demographics and disease characteristics 

Parameter
Fedratinib
(n = 134)

BAT
(n = 67)

Total
(N = 201)

Median age, years (IQR) 70 (64-74) 68 (64-73) 70 (64-74)

Sex, male 75 (56.0) 30 (44.8) 105 (52.2)

Ethnicity
Hispanic or Latino
Not Hispanic or Latino
Unknown

8 (6.0)
106 (79.1)
20 (14.9)

3 (4.5)
57 (85.1)
7 (10.4)

11 (5.5)
163 (81.1)
27 (13.4)

Racea

White
Asian
American Indian or Alaska Native
Unknown

106 (79.1)
9 (6.7)

0
19 (14.2)

58 (86.6)
5 (7.5)
1 (1.5)
3 (4.5)

164 (81.6)
14 (7.0)
1 (0.5)

22 (10.9)

Disease diagnosis
PMF
Post-PV MF
Post-ET MF

75 (56.0)
33 (24.6)
26 (19.4)

35 (52.2)
21 (31.3)
11 (16.4)

110 (54.7)
54 (26.9)
37 (18.4)

Median time from MF diagnosis to consent, months (IQR) 43.4 (13.5-84.5) 57.7 (25.6-98.3) 49.1 (16.5-91.9)

Risk status
PMF
Post-PV MF
Post-ET MF

102 (76.1)
30 (22.4)
2 (1.5)

51 (76.1)
16 (23.9)

0

153 (76.1)
46 (22.9)
2 (1.0)

Baseline ECOG performance status 
0
1
2
3

35 (26.1)
76 (56.7)
22 (16.4)
1 (0.7)b

20 (29.9)
35 (52.2)
11 (16.4)
1 (1.5)b

55 (27.4)
111 (55.2)
33 (16.4)
2 (1.0)b

RBC transfusion dependence 29 (21.6) 11 (16.4) 40 (19.9)

Platelet count at baseline
< 50 x 109/L
50 – < 100 x 109/L
≥ 100 x 109/L
Missing

10 (7.5)b

34 (25.4)
85 (63.4)
5 (3.7)

4 (6.0)b

21 (31.3)
39 (58.2)
3 (4.5)

14 (7.0)b

55 (27.4)
124 (61.7)

8 (4.0)

Bone marrow fibrosis grade 
1
2
3
Unknown

7 (5.2)
48 (35.8)
55 (41.0)
24 (17.9)

5 (7.5)
26 (38.8)
29 (43.3)
7 (10.4)

12 (6.0)
74 (36.8)
84 (41.8)
31 (15.4)

JAK2/CALR/MPL mutational status 
Mutant

JAK2
CALR
MPL

Triple negative
Incomplete testing

119 (88.8)
94 (70.1)
25 (18.7)
2 (1.5)
3 (2.2)
12 (9.0)

64 (95.5)
48 (71.6)
14 (20.9)
3 (4.5)

0
3 (4.5)

183 (91.0)
142 (70.6)
39 (19.4)
5 (2.5)
3 (1.5)
15 (7.5)

Spleen volume at baseline, median, mL (IQR) 2622 (1892–3838) 2693 (1564–3760) 2679 (1749–3835)

Spleen size by palpation at baseline, median (IQR)
< 15 cm below LCM
≥ 15 cm below LCM

16 (9–20)
59 (44.0)
75 (56.0)

15 (9–20)
28 (41.8)
39 (58.2)

16 (9–20)
87 (43.3)
114 (56.7)

Constitutional symptoms 84 (62.7) 42 (62.7) 126 (62.7)

Baseline MFSAF TSS, median (IQR) 27 (17-40) 31 (16-43) 28 (16-43)

Data shown are n (%) unless otherwise indicated. aNo patients identified as Black or Native Hawaiian; bPatients with platelets < 50 x 109/L and patients with 
ECOG PS 3 were enrolled due to protocol deviations, and were included in ITT analysis CALR, calreticulin; MPL, myeloproliferative leukemia; PMF, primary MF.

• In the FREEDOM2 trial, patients with intermediate- 
and high-risk MF previously treated with ruxolitinib  
had superior SVR35 and symptom response when 
treated with fedratinib compared with BAT, indicating 
a beneficial effect of fedratinib in this population 

 — The primary endpoint of SVR35 at EOC6 was met by 
35.8% of patients in the fedratinib arm compared 
with 6.0% of patients in the BAT arm (P < 0.0001) 
(Figure 2A)

 — Most patients treated with fedratinib showed a 
reduction in spleen volume from baseline at EOC6 
(Figure 2B)

• This fedratinib trial proactively assessed a GI 
mitigation strategy and included thiamine monitoring 
and guidelines for thiamine supplementation

 — GI AEs were observed at lower frequency than in 
JAKARTA27 

 — Low thiamine was more common with fedratinib 
compared with BAT; Wernicke's encephalopathy 
was rare (1 case) and controlled with thiamine 
supplementation

Figure 1. Study design 
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aPatients must have received ruxolitinib for ≥ 3 months with < 10% SVR by MRI or < 30% decrease from baseline in spleen size by palpation or regrowth to 
these parameters (relapsed/refractory), or for ≥ 28 days with development of RBC transfusion requirement (≥ 2 units/month for 2 months) or grade ≥ 3 
thrombocytopenia, anemia, hematoma, or hemorrhage (intolerant); bThiamine lower limit of normal 70 nmol/L, upper limit of normal 180 nmol/L; 
cStratification factors by spleen size by palpation (< 15 cm below LCM vs ≥ 15 cm below LCM), platelet counts (50–< 100 x 109/L vs ≥ 100 x 109/L), and 
ruxolitinib refractory/relapsed versus intolerant; dSVR35 defined as the proportion of patients with ≥ 35% SVR from baseline by IRC; eSymptom response 
defined as the proportion of patients with ≥ 50% improvement in MFSAF TSS from baseline.
AE, adverse event; ANC, absolute neutrophil count; AML, acute myeloid leukemia; DIPSS, Dynamic International Prognostic Scoring System; EOC, end of cycle;  
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Figure 3. Subgroup analysis of SVR35 at EOC6

Reason for ruxolitinib failure

Platelet count at baseline

Refractory or relapsed

Intolerance

≥ 100 x 109/L

50 – < 100 x 109/L

Difference (%)

-100 -50 0 100

Subgroup Favors BAT Favors fedratinib

50

Subgroup analysis of ITT population. M, number of patients in ITT population in subgroup; n, number of patients within subgroup with SVR35 at EOC6. 

Conclusions
• In the FREEDOM2 trial, patients with MF previously treated with ruxolitinib had 

superior SVR and symptom response when treated with fedratinib compared with BAT
 — Patients treated with fedratinib showed benefit in SVR35 at EOC6, SVR35 at any 
time, and SVR25

 — Superior SVR35 was observed in all subgroups, including patients with lower platelet 
count (50 to < 100 x 109/L) at baseline

 — Patients treated with fedratinib also experienced cytokine profile changes that 
correlated with response10

• Potent clinical benefit was observed despite the comparatively higher-risk disease in 
the FREEDOM2 patient population compared with the FREEDOM and JAKARTA2 trials7,8

• In the BAT arm, most patients remained on the same therapy they were receiving 
prior to study entry, and consistent therapy may have allowed for prestudy resolution 
and/or management of AEs; however, differences in AE rates between treatment arms 
in FREEDOM2 were consistent with other studies comparing novel JAKi with BAT11

• Most (77.6%) patients in the BAT arm received ruxolitinib rechallenge, highlighting a 
clinical need for an alternative JAKi after ruxolitinib failure or intolerance

• Despite higher AE rates in the fedratinib arm compared with the BAT arm, relative dose 
intensity for fedratinib remained high and most patients completed 6 cycles of treatment

• The safety profile of fedratinib was consistent with previous studies7,8 and no new 
safety concerns were identified

 — GI AEs were generally grade 1/2 and onset during early cycles
 — Wernicke's encephalopathy was rare (1 case) and rapidly resolved with thiamine 
supplementation

• Together, these results indicate that fedratinib is a promising option for second-line 
JAKi treatment of MF
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Figure 4. Any-grade GI TEAEs by cycle (safety population)
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Safety 
• During the first 6 cycles of treatment, in the safety population:

 — TEAEs occurred in 132 (98.5%) of patients in the fedratinib arm and 65 (97.0%) of 
patients in the BAT arm 

 — Treatment-related adverse events (TRAEs) occurred in 109 (81.3%) patients in the 
fedratinib arm and 23 (34.3%) patients in the BAT arm (Table 2)

• The most frequently occurring any-grade TRAEs during the first 6 cycles in patients in the 
fedratinib arm were diarrhea (38.1% fedratinib vs 0% BAT) and nausea (32.1% fedratinib 
vs 1.5% BAT) 

 Ò Most cases were grade 1/2 in severity with onset during early cycles (Figure 4)

 — The most frequently occurring grade 3/4 TRAEs during the first 6 cycles were 
thrombocytopenia (11.9% fedratinib vs 3.0% BAT) and anemia (9.0% in both arms) 

 — TRAEs of increased blood creatinine and acute kidney injury occurred in 6 (4.5%) and 3 
(2.2%) patients in the fedratinib arm, respectively (0 events in the BAT arm) during the 
full treatment period

• Thiamine levels below normal range were reported in 28 (20.9%) patients in the fedratinib 
arm and 3 (4.5%) patients in the BAT arm during the entire treatment period

• There was a single grade 1 case of suspected Wernicke's encephalopathy in the fedratinib 
arm during cycle 3, which resolved fully 24 hours after thiamine supplementation (0 cases 
in BAT arm) 

• In total, 70 (52.2%) patients in the fedratinib arm and 20 (29.9%) patients in the BAT arm 
had dose interruption/reduction

 — Median time to first reduction/interruption was 44.0 days in the fedratinib arm and 56.5 
days in the BAT arm

• TEAEs leading to permanent treatment discontinuation occurred in 13 (9.7%) and 4 (6.0%) 
patients in the fedratinib and BAT arms, respectively

Figure 2. Percentage change in spleen volume from baseline to EOC6, and spleen volume, and symptom response
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• During the first 6 cycles, 6 deaths occurred in the fedratinib arm and 1 in the BAT arm
 — In the fedratinib group, causes of death not related to fedratinib included general 
deterioration resulting from MF disease progression (n = 2), sepsis from rapidly onsetting 
splenomegaly (n = 1), COVID-19–related multi-organ failure (n = 1), and COVID-19–related 
respiratory failure (n = 1)

 — There was 1 fatal TEAE of acute kidney injury reported as related to fedratinib
 — One patient in the BAT arm died from COVID-19–related pneumonia

Efficacy
• SVR25 at EOC6 and SVR35 during the full treatment course were superior among patients 

who received fedratinib compared with BAT (Figures 2A–B)

• Patients in the fedratinib arm also experienced higher rates of symptom response  
(≥ 50% reduction in MFSAF TSS) at EOC6 compared with BAT (34.1% vs 16.9%, P = 0.0033; 
Figure 2B)

• SVR35 benefit of fedratinib compared with BAT at EOC6 was observed across all clinically 
relevant subgroups (Figure 3)

 — While benefits were observed in all subgroups, descriptive analysis indicated that there  
was a trend towards greater efficacy for patients who were intolerant to prior ruxolitinib 
compared with those who were relapsed/refractory and for patients with a lower 
platelet count (50 to < 100 x 109/L) at baseline

Introduction

• Myelofibrosis (MF) is a chronic, progressive myeloproliferative neoplasm resulting in bone 
marrow fibrosis and hyperplasia1

 — MF is often associated with splenomegaly, anemia, and symptoms that negatively affect 
quality of life2

• Patients with MF treated with the Janus kinase inhibitor (JAKi) ruxolitinib show spleen 
volume reduction (SVR) and symptom reduction

 — However, most patients develop ruxolitinib intolerance or relapsed/refractory disease, 
and median survival after ruxolitinib discontinuation is 13–14 months3-5

• Fedratinib is an oral selective JAKi approved for the treatment of patients with MF, 
including those previously treated with ruxolitinib6

• Fedratinib delivered SVR ≥ 35% (range, 26%–31%) and symptom reduction (range, 27%–44%) 
in the single-arm JAKARTA2 and FREEDOM studies7-9

• The phase 3, open-label, randomized FREEDOM2 trial (NCT03952039) evaluated the safety 
and efficacy of fedratinib compared with best available therapy (BAT) in patients with MF 
previously treated with ruxolitinib

Methods
• Eligible patients were enrolled and randomized 2:1 to receive either fedratinib 400 mg/day  

or BAT (Figure 1) 

Table 2. TRAEs occurring during the first 6 treatment cycles in ≥ 5% patients in any group

System organ class
Preferred term

Any grade Grade 3/4

Fedratinib
(n = 134)

BAT
(n = 67)

Fedratinib
(n = 134)

BAT
(n = 67)

Patients with ≥ 1 TRAE related to 
study drug 109 (81.3) 23 (34.3) 52 (38.8) 8 (11.9)

Gastrointestinal disorders
Diarrhea
Nausea
Vomiting
Constipation

80 (59.7)
51 (38.1)
43 (32.1)
18 (13.4)
12 (9.0)

6 (9.0)
0

1 (1.5)
1 (1.5)
3 (4.5)

5 (3.7)
1 (0.7) 
1 (0.7)

0
0

0
0 
0
0
0

Blood and lymphatic system disorders
Thrombocytopenia
Anemia

33 (24.6)
22 (16.4)
18 (13.4)

12 (17.9)
3 (4.5)
9 (13.4)

26 (19.4)
16 (11.9)
12 (9.0)

8 (11.9)
2 (3.0)
6 (9.0)

Investigations
Alanine aminotransferase increased
Vitamin B1 decreased

26 (19.4)
10 (7.5)
9 (6.7)

0
0
0

7 (5.2)
4 (3.0)

0

0
0
0

Renal and urinary disorders 17 (12.7) 0 13 (9.7) 0

Metabolism and nutrition disorders 14 (10.4) 4 (6.0) 8 (6.0) 0

General disorders and administration 
site conditions 11 (8.2) 4 (6.0) 4 (3.0) 0

Skin and subcutaneous tissue 
disorders 11 (8.2) 2 (3.0) 0 0

Musculoskeletal and connective 
tissue disorders 9 (6.7) 3 (4.5) 0 0

Nervous system disorders 9 (6.7) 0 0 0

Data shown are n (%). Assessed in safety population.

• A 14-day ruxolitinib washout period was required prior to randomization
• Fedratinib 400 mg orally once daily (administered as 4 x 100 mg capsules) was self-

administered on an outpatient basis, preferably together with an evening meal and at the 
same time each day

 — Dose modifications to 200 mg or 300 mg daily were permitted in the event of grade 3/4 
thrombocytopenia with major bleeding, grade 4 neutropenia, hepatic abnormalities 
(grade ≥ 3 AST, ALT, or total bilirubin), grade ≥ 3 or grade 2 recurring GI AEs or other 
grade ≥ 3 toxicities (grade ≥ 2 peripheral neuropathies)

 — Patients were monitored for low thiamine levels and prophylactic thiamine 
supplementation was mandated after protocol amendment (April 23, 2021)

 — Prophylactic use of antiemetics and symptomatic use of antidiarrheals was recommended
• BAT was not limited to JAKi and could include any investigator-selected treatment used and/

or modified according to local prescribing information, or ‘no-treatment’/supportive care
 — Investigational agents, fedratinib, and hematopoietic stem cell transplantation were 
excluded

• Patients were treated until intolerance or lack of efficacy and followed up every 3 months 
until death, withdrawal of consent, or study closure

Results

Baseline characteristics
• Baseline characteristics are listed in Table 1

Disposition
• Among 201 randomized patients:

 — 134 were allocated to receive fedratinib
 — 67 were allocated to receive BAT
• 77.6% of patients received ruxolitinib as BAT; other frequent therapies included  

RBC transfusion (28.4%) and hydroxyurea (19.4%)
 — 46 patients from the BAT arm subsequently crossed over to receive fedratinib

• At data cutoff (December 27, 2022), median (interquartile range [IQR]) treatment duration 
was 43.0 (19.0–75.1) weeks of fedratinib and 24.7 (22.6–26.7) weeks of BAT

 — 43 patients in the fedratinib arm had treatment ongoing
 — 28 patients in the BAT arm, including 25 crossover patients, had treatment ongoing
 — 91 patients in the fedratinib arm discontinued treatment
 — 39 patients in the BAT arm, including 21 crossover patients, had discontinued treatment
• Primary reasons for treatment discontinuation were AE (fedratinib, n = 22; BAT, n = 8), 

withdrawal by patient (fedratinib, n = 17; BAT, n = 12), and death (fedratinib, n = 13; 
BAT, n = 6)

 — 74.6% of patients in the fedratinib arm completed 6 cycles of treatment
 — Patients receiving ruxolitinib as BAT had a median (IQR) treatment duration of 25.0  
(22.6–26.6) weeks
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Table 1. Baseline demographics and disease characteristics 

Parameter
Fedratinib
(n = 134)

BAT
(n = 67)

Total
(N = 201)

Median age, years (IQR) 70 (64-74) 68 (64-73) 70 (64-74)

Sex, male 75 (56.0) 30 (44.8) 105 (52.2)

Ethnicity
Hispanic or Latino
Not Hispanic or Latino
Unknown

8 (6.0)
106 (79.1)
20 (14.9)

3 (4.5)
57 (85.1)
7 (10.4)

11 (5.5)
163 (81.1)
27 (13.4)

Racea

White
Asian
American Indian or Alaska Native
Unknown

106 (79.1)
9 (6.7)

0
19 (14.2)

58 (86.6)
5 (7.5)
1 (1.5)
3 (4.5)

164 (81.6)
14 (7.0)
1 (0.5)

22 (10.9)

Disease diagnosis
PMF
Post-PV MF
Post-ET MF

75 (56.0)
33 (24.6)
26 (19.4)

35 (52.2)
21 (31.3)
11 (16.4)

110 (54.7)
54 (26.9)
37 (18.4)

Median time from MF diagnosis to consent, months (IQR) 43.4 (13.5-84.5) 57.7 (25.6-98.3) 49.1 (16.5-91.9)

Risk status
PMF
Post-PV MF
Post-ET MF

102 (76.1)
30 (22.4)
2 (1.5)

51 (76.1)
16 (23.9)

0

153 (76.1)
46 (22.9)
2 (1.0)

Baseline ECOG performance status 
0
1
2
3

35 (26.1)
76 (56.7)
22 (16.4)
1 (0.7)b

20 (29.9)
35 (52.2)
11 (16.4)
1 (1.5)b

55 (27.4)
111 (55.2)
33 (16.4)
2 (1.0)b

RBC transfusion dependence 29 (21.6) 11 (16.4) 40 (19.9)

Platelet count at baseline
< 50 x 109/L
50 – < 100 x 109/L
≥ 100 x 109/L
Missing

10 (7.5)b

34 (25.4)
85 (63.4)
5 (3.7)

4 (6.0)b

21 (31.3)
39 (58.2)
3 (4.5)

14 (7.0)b

55 (27.4)
124 (61.7)

8 (4.0)

Bone marrow fibrosis grade 
1
2
3
Unknown

7 (5.2)
48 (35.8)
55 (41.0)
24 (17.9)

5 (7.5)
26 (38.8)
29 (43.3)
7 (10.4)

12 (6.0)
74 (36.8)
84 (41.8)
31 (15.4)

JAK2/CALR/MPL mutational status 
Mutant

JAK2
CALR
MPL

Triple negative
Incomplete testing

119 (88.8)
94 (70.1)
25 (18.7)
2 (1.5)
3 (2.2)
12 (9.0)

64 (95.5)
48 (71.6)
14 (20.9)
3 (4.5)

0
3 (4.5)

183 (91.0)
142 (70.6)
39 (19.4)
5 (2.5)
3 (1.5)
15 (7.5)

Spleen volume at baseline, median, mL (IQR) 2622 (1892–3838) 2693 (1564–3760) 2679 (1749–3835)

Spleen size by palpation at baseline, median (IQR)
< 15 cm below LCM
≥ 15 cm below LCM

16 (9–20)
59 (44.0)
75 (56.0)

15 (9–20)
28 (41.8)
39 (58.2)

16 (9–20)
87 (43.3)
114 (56.7)

Constitutional symptoms 84 (62.7) 42 (62.7) 126 (62.7)

Baseline MFSAF TSS, median (IQR) 27 (17-40) 31 (16-43) 28 (16-43)

Data shown are n (%) unless otherwise indicated. aNo patients identified as Black or Native Hawaiian; bPatients with platelets < 50 x 109/L and patients with 
ECOG PS 3 were enrolled due to protocol deviations, and were included in ITT analysis CALR, calreticulin; MPL, myeloproliferative leukemia; PMF, primary MF.

• In the FREEDOM2 trial, patients with intermediate- 
and high-risk MF previously treated with ruxolitinib  
had superior SVR35 and symptom response when 
treated with fedratinib compared with BAT, indicating 
a beneficial effect of fedratinib in this population 

 — The primary endpoint of SVR35 at EOC6 was met by 
35.8% of patients in the fedratinib arm compared 
with 6.0% of patients in the BAT arm (P < 0.0001) 
(Figure 2A)

 — Most patients treated with fedratinib showed a 
reduction in spleen volume from baseline at EOC6 
(Figure 2B)

• This fedratinib trial proactively assessed a GI 
mitigation strategy and included thiamine monitoring 
and guidelines for thiamine supplementation

 — GI AEs were observed at lower frequency than in 
JAKARTA27 

 — Low thiamine was more common with fedratinib 
compared with BAT; Wernicke's encephalopathy 
was rare (1 case) and controlled with thiamine 
supplementation

Figure 1. Study design 
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Figure 3. Subgroup analysis of SVR35 at EOC6
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Subgroup analysis of ITT population. M, number of patients in ITT population in subgroup; n, number of patients within subgroup with SVR35 at EOC6. 

Conclusions
• In the FREEDOM2 trial, patients with MF previously treated with ruxolitinib had 

superior SVR and symptom response when treated with fedratinib compared with BAT
 — Patients treated with fedratinib showed benefit in SVR35 at EOC6, SVR35 at any 
time, and SVR25

 — Superior SVR35 was observed in all subgroups, including patients with lower platelet 
count (50 to < 100 x 109/L) at baseline

 — Patients treated with fedratinib also experienced cytokine profile changes that 
correlated with response10

• Potent clinical benefit was observed despite the comparatively higher-risk disease in 
the FREEDOM2 patient population compared with the FREEDOM and JAKARTA2 trials7,8

• In the BAT arm, most patients remained on the same therapy they were receiving 
prior to study entry, and consistent therapy may have allowed for prestudy resolution 
and/or management of AEs; however, differences in AE rates between treatment arms 
in FREEDOM2 were consistent with other studies comparing novel JAKi with BAT11

• Most (77.6%) patients in the BAT arm received ruxolitinib rechallenge, highlighting a 
clinical need for an alternative JAKi after ruxolitinib failure or intolerance

• Despite higher AE rates in the fedratinib arm compared with the BAT arm, relative dose 
intensity for fedratinib remained high and most patients completed 6 cycles of treatment

• The safety profile of fedratinib was consistent with previous studies7,8 and no new 
safety concerns were identified

 — GI AEs were generally grade 1/2 and onset during early cycles
 — Wernicke's encephalopathy was rare (1 case) and rapidly resolved with thiamine 
supplementation

• Together, these results indicate that fedratinib is a promising option for second-line 
JAKi treatment of MF
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Figure 4. Any-grade GI TEAEs by cycle (safety population)
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Safety 
• During the first 6 cycles of treatment, in the safety population:

 — TEAEs occurred in 132 (98.5%) of patients in the fedratinib arm and 65 (97.0%) of 
patients in the BAT arm 

 — Treatment-related adverse events (TRAEs) occurred in 109 (81.3%) patients in the 
fedratinib arm and 23 (34.3%) patients in the BAT arm (Table 2)

• The most frequently occurring any-grade TRAEs during the first 6 cycles in patients in the 
fedratinib arm were diarrhea (38.1% fedratinib vs 0% BAT) and nausea (32.1% fedratinib 
vs 1.5% BAT) 

 Ò Most cases were grade 1/2 in severity with onset during early cycles (Figure 4)

 — The most frequently occurring grade 3/4 TRAEs during the first 6 cycles were 
thrombocytopenia (11.9% fedratinib vs 3.0% BAT) and anemia (9.0% in both arms) 

 — TRAEs of increased blood creatinine and acute kidney injury occurred in 6 (4.5%) and 3 
(2.2%) patients in the fedratinib arm, respectively (0 events in the BAT arm) during the 
full treatment period

• Thiamine levels below normal range were reported in 28 (20.9%) patients in the fedratinib 
arm and 3 (4.5%) patients in the BAT arm during the entire treatment period

• There was a single grade 1 case of suspected Wernicke's encephalopathy in the fedratinib 
arm during cycle 3, which resolved fully 24 hours after thiamine supplementation (0 cases 
in BAT arm) 

• In total, 70 (52.2%) patients in the fedratinib arm and 20 (29.9%) patients in the BAT arm 
had dose interruption/reduction

 — Median time to first reduction/interruption was 44.0 days in the fedratinib arm and 56.5 
days in the BAT arm

• TEAEs leading to permanent treatment discontinuation occurred in 13 (9.7%) and 4 (6.0%) 
patients in the fedratinib and BAT arms, respectively

Figure 2. Percentage change in spleen volume from baseline to EOC6, and spleen volume, and symptom response

P < 0.0001 P < 0.0001 P < 0.0001P = 0.0033
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Haenszel test using the Greenland and Robins method to adjust for stratification factors: spleen size by palpation and platelet counts. The third stratification factor, refractory/relapsed or intolerance to ruxolitinib treatment, was dropped due to the small cell count issue; aFor patients 
with missing EOC6 assessment due to reasons other than treatment switch and treatment discontinuation because of death or progressive disease, data were imputed using multiple imputation methods; 30 imputed datasets were created and combined using Rubin's rules, the number of 
responders was back calculated from the pooled adjusted response rate; bSymptom response was evaluated in the ITT population with non-zero baseline TSS; cSVR rates in the waterfall plot are calculated based on evaluable patients with baseline and EOC6 spleen volume measurements 
(fedratinib, n = 95; BAT, n = 53).

• During the first 6 cycles, 6 deaths occurred in the fedratinib arm and 1 in the BAT arm
 — In the fedratinib group, causes of death not related to fedratinib included general 
deterioration resulting from MF disease progression (n = 2), sepsis from rapidly onsetting 
splenomegaly (n = 1), COVID-19–related multi-organ failure (n = 1), and COVID-19–related 
respiratory failure (n = 1)

 — There was 1 fatal TEAE of acute kidney injury reported as related to fedratinib
 — One patient in the BAT arm died from COVID-19–related pneumonia
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BAT:
78% RUX
28% RBC transf.
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FEDR adverse events in the Freedom-2 study

Efficacy
• SVR25 at EOC6 and SVR35 during the full treatment course were superior among patients 

who received fedratinib compared with BAT (Figures 2A–B)

• Patients in the fedratinib arm also experienced higher rates of symptom response  
(≥ 50% reduction in MFSAF TSS) at EOC6 compared with BAT (34.1% vs 16.9%, P = 0.0033; 
Figure 2B)

• SVR35 benefit of fedratinib compared with BAT at EOC6 was observed across all clinically 
relevant subgroups (Figure 3)

 — While benefits were observed in all subgroups, descriptive analysis indicated that there  
was a trend towards greater efficacy for patients who were intolerant to prior ruxolitinib 
compared with those who were relapsed/refractory and for patients with a lower 
platelet count (50 to < 100 x 109/L) at baseline

Introduction

• Myelofibrosis (MF) is a chronic, progressive myeloproliferative neoplasm resulting in bone 
marrow fibrosis and hyperplasia1

 — MF is often associated with splenomegaly, anemia, and symptoms that negatively affect 
quality of life2

• Patients with MF treated with the Janus kinase inhibitor (JAKi) ruxolitinib show spleen 
volume reduction (SVR) and symptom reduction

 — However, most patients develop ruxolitinib intolerance or relapsed/refractory disease, 
and median survival after ruxolitinib discontinuation is 13–14 months3-5

• Fedratinib is an oral selective JAKi approved for the treatment of patients with MF, 
including those previously treated with ruxolitinib6

• Fedratinib delivered SVR ≥ 35% (range, 26%–31%) and symptom reduction (range, 27%–44%) 
in the single-arm JAKARTA2 and FREEDOM studies7-9

• The phase 3, open-label, randomized FREEDOM2 trial (NCT03952039) evaluated the safety 
and efficacy of fedratinib compared with best available therapy (BAT) in patients with MF 
previously treated with ruxolitinib

Methods
• Eligible patients were enrolled and randomized 2:1 to receive either fedratinib 400 mg/day  

or BAT (Figure 1) 

Table 2. TRAEs occurring during the first 6 treatment cycles in ≥ 5% patients in any group

System organ class
Preferred term

Any grade Grade 3/4

Fedratinib
(n = 134)

BAT
(n = 67)

Fedratinib
(n = 134)

BAT
(n = 67)

Patients with ≥ 1 TRAE related to 
study drug 109 (81.3) 23 (34.3) 52 (38.8) 8 (11.9)

Gastrointestinal disorders
Diarrhea
Nausea
Vomiting
Constipation

80 (59.7)
51 (38.1)
43 (32.1)
18 (13.4)
12 (9.0)

6 (9.0)
0

1 (1.5)
1 (1.5)
3 (4.5)

5 (3.7)
1 (0.7) 
1 (0.7)

0
0

0
0 
0
0
0

Blood and lymphatic system disorders
Thrombocytopenia
Anemia

33 (24.6)
22 (16.4)
18 (13.4)

12 (17.9)
3 (4.5)
9 (13.4)

26 (19.4)
16 (11.9)
12 (9.0)

8 (11.9)
2 (3.0)
6 (9.0)

Investigations
Alanine aminotransferase increased
Vitamin B1 decreased

26 (19.4)
10 (7.5)
9 (6.7)

0
0
0

7 (5.2)
4 (3.0)

0

0
0
0

Renal and urinary disorders 17 (12.7) 0 13 (9.7) 0

Metabolism and nutrition disorders 14 (10.4) 4 (6.0) 8 (6.0) 0

General disorders and administration 
site conditions 11 (8.2) 4 (6.0) 4 (3.0) 0

Skin and subcutaneous tissue 
disorders 11 (8.2) 2 (3.0) 0 0

Musculoskeletal and connective 
tissue disorders 9 (6.7) 3 (4.5) 0 0

Nervous system disorders 9 (6.7) 0 0 0

Data shown are n (%). Assessed in safety population.

• A 14-day ruxolitinib washout period was required prior to randomization
• Fedratinib 400 mg orally once daily (administered as 4 x 100 mg capsules) was self-

administered on an outpatient basis, preferably together with an evening meal and at the 
same time each day

 — Dose modifications to 200 mg or 300 mg daily were permitted in the event of grade 3/4 
thrombocytopenia with major bleeding, grade 4 neutropenia, hepatic abnormalities 
(grade ≥ 3 AST, ALT, or total bilirubin), grade ≥ 3 or grade 2 recurring GI AEs or other 
grade ≥ 3 toxicities (grade ≥ 2 peripheral neuropathies)

 — Patients were monitored for low thiamine levels and prophylactic thiamine 
supplementation was mandated after protocol amendment (April 23, 2021)

 — Prophylactic use of antiemetics and symptomatic use of antidiarrheals was recommended
• BAT was not limited to JAKi and could include any investigator-selected treatment used and/

or modified according to local prescribing information, or ‘no-treatment’/supportive care
 — Investigational agents, fedratinib, and hematopoietic stem cell transplantation were 
excluded

• Patients were treated until intolerance or lack of efficacy and followed up every 3 months 
until death, withdrawal of consent, or study closure

Results

Baseline characteristics
• Baseline characteristics are listed in Table 1

Disposition
• Among 201 randomized patients:

 — 134 were allocated to receive fedratinib
 — 67 were allocated to receive BAT
• 77.6% of patients received ruxolitinib as BAT; other frequent therapies included  

RBC transfusion (28.4%) and hydroxyurea (19.4%)
 — 46 patients from the BAT arm subsequently crossed over to receive fedratinib

• At data cutoff (December 27, 2022), median (interquartile range [IQR]) treatment duration 
was 43.0 (19.0–75.1) weeks of fedratinib and 24.7 (22.6–26.7) weeks of BAT

 — 43 patients in the fedratinib arm had treatment ongoing
 — 28 patients in the BAT arm, including 25 crossover patients, had treatment ongoing
 — 91 patients in the fedratinib arm discontinued treatment
 — 39 patients in the BAT arm, including 21 crossover patients, had discontinued treatment
• Primary reasons for treatment discontinuation were AE (fedratinib, n = 22; BAT, n = 8), 

withdrawal by patient (fedratinib, n = 17; BAT, n = 12), and death (fedratinib, n = 13; 
BAT, n = 6)

 — 74.6% of patients in the fedratinib arm completed 6 cycles of treatment
 — Patients receiving ruxolitinib as BAT had a median (IQR) treatment duration of 25.0  
(22.6–26.6) weeks
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Table 1. Baseline demographics and disease characteristics 

Parameter
Fedratinib
(n = 134)

BAT
(n = 67)

Total
(N = 201)

Median age, years (IQR) 70 (64-74) 68 (64-73) 70 (64-74)

Sex, male 75 (56.0) 30 (44.8) 105 (52.2)

Ethnicity
Hispanic or Latino
Not Hispanic or Latino
Unknown

8 (6.0)
106 (79.1)
20 (14.9)

3 (4.5)
57 (85.1)
7 (10.4)

11 (5.5)
163 (81.1)
27 (13.4)

Racea

White
Asian
American Indian or Alaska Native
Unknown

106 (79.1)
9 (6.7)

0
19 (14.2)

58 (86.6)
5 (7.5)
1 (1.5)
3 (4.5)

164 (81.6)
14 (7.0)
1 (0.5)

22 (10.9)

Disease diagnosis
PMF
Post-PV MF
Post-ET MF

75 (56.0)
33 (24.6)
26 (19.4)

35 (52.2)
21 (31.3)
11 (16.4)

110 (54.7)
54 (26.9)
37 (18.4)

Median time from MF diagnosis to consent, months (IQR) 43.4 (13.5-84.5) 57.7 (25.6-98.3) 49.1 (16.5-91.9)

Risk status
PMF
Post-PV MF
Post-ET MF

102 (76.1)
30 (22.4)
2 (1.5)

51 (76.1)
16 (23.9)

0

153 (76.1)
46 (22.9)
2 (1.0)

Baseline ECOG performance status 
0
1
2
3

35 (26.1)
76 (56.7)
22 (16.4)
1 (0.7)b

20 (29.9)
35 (52.2)
11 (16.4)
1 (1.5)b

55 (27.4)
111 (55.2)
33 (16.4)
2 (1.0)b

RBC transfusion dependence 29 (21.6) 11 (16.4) 40 (19.9)

Platelet count at baseline
< 50 x 109/L
50 – < 100 x 109/L
≥ 100 x 109/L
Missing

10 (7.5)b

34 (25.4)
85 (63.4)
5 (3.7)

4 (6.0)b

21 (31.3)
39 (58.2)
3 (4.5)

14 (7.0)b

55 (27.4)
124 (61.7)

8 (4.0)

Bone marrow fibrosis grade 
1
2
3
Unknown

7 (5.2)
48 (35.8)
55 (41.0)
24 (17.9)

5 (7.5)
26 (38.8)
29 (43.3)
7 (10.4)

12 (6.0)
74 (36.8)
84 (41.8)
31 (15.4)

JAK2/CALR/MPL mutational status 
Mutant

JAK2
CALR
MPL

Triple negative
Incomplete testing

119 (88.8)
94 (70.1)
25 (18.7)
2 (1.5)
3 (2.2)
12 (9.0)

64 (95.5)
48 (71.6)
14 (20.9)
3 (4.5)

0
3 (4.5)

183 (91.0)
142 (70.6)
39 (19.4)
5 (2.5)
3 (1.5)
15 (7.5)

Spleen volume at baseline, median, mL (IQR) 2622 (1892–3838) 2693 (1564–3760) 2679 (1749–3835)

Spleen size by palpation at baseline, median (IQR)
< 15 cm below LCM
≥ 15 cm below LCM

16 (9–20)
59 (44.0)
75 (56.0)

15 (9–20)
28 (41.8)
39 (58.2)

16 (9–20)
87 (43.3)
114 (56.7)

Constitutional symptoms 84 (62.7) 42 (62.7) 126 (62.7)

Baseline MFSAF TSS, median (IQR) 27 (17-40) 31 (16-43) 28 (16-43)

Data shown are n (%) unless otherwise indicated. aNo patients identified as Black or Native Hawaiian; bPatients with platelets < 50 x 109/L and patients with 
ECOG PS 3 were enrolled due to protocol deviations, and were included in ITT analysis CALR, calreticulin; MPL, myeloproliferative leukemia; PMF, primary MF.

• In the FREEDOM2 trial, patients with intermediate- 
and high-risk MF previously treated with ruxolitinib  
had superior SVR35 and symptom response when 
treated with fedratinib compared with BAT, indicating 
a beneficial effect of fedratinib in this population 

 — The primary endpoint of SVR35 at EOC6 was met by 
35.8% of patients in the fedratinib arm compared 
with 6.0% of patients in the BAT arm (P < 0.0001) 
(Figure 2A)

 — Most patients treated with fedratinib showed a 
reduction in spleen volume from baseline at EOC6 
(Figure 2B)

• This fedratinib trial proactively assessed a GI 
mitigation strategy and included thiamine monitoring 
and guidelines for thiamine supplementation

 — GI AEs were observed at lower frequency than in 
JAKARTA27 

 — Low thiamine was more common with fedratinib 
compared with BAT; Wernicke's encephalopathy 
was rare (1 case) and controlled with thiamine 
supplementation

Figure 1. Study design 
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aPatients must have received ruxolitinib for ≥ 3 months with < 10% SVR by MRI or < 30% decrease from baseline in spleen size by palpation or regrowth to 
these parameters (relapsed/refractory), or for ≥ 28 days with development of RBC transfusion requirement (≥ 2 units/month for 2 months) or grade ≥ 3 
thrombocytopenia, anemia, hematoma, or hemorrhage (intolerant); bThiamine lower limit of normal 70 nmol/L, upper limit of normal 180 nmol/L; 
cStratification factors by spleen size by palpation (< 15 cm below LCM vs ≥ 15 cm below LCM), platelet counts (50–< 100 x 109/L vs ≥ 100 x 109/L), and 
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AE, adverse event; ANC, absolute neutrophil count; AML, acute myeloid leukemia; DIPSS, Dynamic International Prognostic Scoring System; EOC, end of cycle;  
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Figure 3. Subgroup analysis of SVR35 at EOC6
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Subgroup analysis of ITT population. M, number of patients in ITT population in subgroup; n, number of patients within subgroup with SVR35 at EOC6. 

Conclusions
• In the FREEDOM2 trial, patients with MF previously treated with ruxolitinib had 

superior SVR and symptom response when treated with fedratinib compared with BAT
 — Patients treated with fedratinib showed benefit in SVR35 at EOC6, SVR35 at any 
time, and SVR25

 — Superior SVR35 was observed in all subgroups, including patients with lower platelet 
count (50 to < 100 x 109/L) at baseline

 — Patients treated with fedratinib also experienced cytokine profile changes that 
correlated with response10

• Potent clinical benefit was observed despite the comparatively higher-risk disease in 
the FREEDOM2 patient population compared with the FREEDOM and JAKARTA2 trials7,8

• In the BAT arm, most patients remained on the same therapy they were receiving 
prior to study entry, and consistent therapy may have allowed for prestudy resolution 
and/or management of AEs; however, differences in AE rates between treatment arms 
in FREEDOM2 were consistent with other studies comparing novel JAKi with BAT11

• Most (77.6%) patients in the BAT arm received ruxolitinib rechallenge, highlighting a 
clinical need for an alternative JAKi after ruxolitinib failure or intolerance

• Despite higher AE rates in the fedratinib arm compared with the BAT arm, relative dose 
intensity for fedratinib remained high and most patients completed 6 cycles of treatment

• The safety profile of fedratinib was consistent with previous studies7,8 and no new 
safety concerns were identified

 — GI AEs were generally grade 1/2 and onset during early cycles
 — Wernicke's encephalopathy was rare (1 case) and rapidly resolved with thiamine 
supplementation

• Together, these results indicate that fedratinib is a promising option for second-line 
JAKi treatment of MF
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Figure 4. Any-grade GI TEAEs by cycle (safety population)
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Subgroup analysis of ITT population. M, number of patients in ITT population in subgroup; n, number of patients within subgroup with SVR35 at EOC6; TEAE, treatment-emergent adverse event. 

Safety 
• During the first 6 cycles of treatment, in the safety population:

 — TEAEs occurred in 132 (98.5%) of patients in the fedratinib arm and 65 (97.0%) of 
patients in the BAT arm 

 — Treatment-related adverse events (TRAEs) occurred in 109 (81.3%) patients in the 
fedratinib arm and 23 (34.3%) patients in the BAT arm (Table 2)

• The most frequently occurring any-grade TRAEs during the first 6 cycles in patients in the 
fedratinib arm were diarrhea (38.1% fedratinib vs 0% BAT) and nausea (32.1% fedratinib 
vs 1.5% BAT) 

 Ò Most cases were grade 1/2 in severity with onset during early cycles (Figure 4)

 — The most frequently occurring grade 3/4 TRAEs during the first 6 cycles were 
thrombocytopenia (11.9% fedratinib vs 3.0% BAT) and anemia (9.0% in both arms) 

 — TRAEs of increased blood creatinine and acute kidney injury occurred in 6 (4.5%) and 3 
(2.2%) patients in the fedratinib arm, respectively (0 events in the BAT arm) during the 
full treatment period

• Thiamine levels below normal range were reported in 28 (20.9%) patients in the fedratinib 
arm and 3 (4.5%) patients in the BAT arm during the entire treatment period

• There was a single grade 1 case of suspected Wernicke's encephalopathy in the fedratinib 
arm during cycle 3, which resolved fully 24 hours after thiamine supplementation (0 cases 
in BAT arm) 

• In total, 70 (52.2%) patients in the fedratinib arm and 20 (29.9%) patients in the BAT arm 
had dose interruption/reduction

 — Median time to first reduction/interruption was 44.0 days in the fedratinib arm and 56.5 
days in the BAT arm

• TEAEs leading to permanent treatment discontinuation occurred in 13 (9.7%) and 4 (6.0%) 
patients in the fedratinib and BAT arms, respectively

Figure 2. Percentage change in spleen volume from baseline to EOC6, and spleen volume, and symptom response

P < 0.0001 P < 0.0001 P < 0.0001P = 0.0033
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In panel A, values in bars show number of patients with response over total evaluable patients for the endpoint; values above bars show % responders (95% CI) with P value. Two-sided 95% CI is based on the exact Clopper–Pearson method; P value is 1-sided based on Cochran–Mantel–
Haenszel test using the Greenland and Robins method to adjust for stratification factors: spleen size by palpation and platelet counts. The third stratification factor, refractory/relapsed or intolerance to ruxolitinib treatment, was dropped due to the small cell count issue; aFor patients 
with missing EOC6 assessment due to reasons other than treatment switch and treatment discontinuation because of death or progressive disease, data were imputed using multiple imputation methods; 30 imputed datasets were created and combined using Rubin's rules, the number of 
responders was back calculated from the pooled adjusted response rate; bSymptom response was evaluated in the ITT population with non-zero baseline TSS; cSVR rates in the waterfall plot are calculated based on evaluable patients with baseline and EOC6 spleen volume measurements 
(fedratinib, n = 95; BAT, n = 53).

• During the first 6 cycles, 6 deaths occurred in the fedratinib arm and 1 in the BAT arm
 — In the fedratinib group, causes of death not related to fedratinib included general 
deterioration resulting from MF disease progression (n = 2), sepsis from rapidly onsetting 
splenomegaly (n = 1), COVID-19–related multi-organ failure (n = 1), and COVID-19–related 
respiratory failure (n = 1)

 — There was 1 fatal TEAE of acute kidney injury reported as related to fedratinib
 — One patient in the BAT arm died from COVID-19–related pneumonia

Harrison et al. ASH 2023 Abs 3204



• The initial INCB057643 dose was 4 mg qd with dose escalation up to 12 mg qd; all 
doses were administered continuously in 28-day cycles 

Dose escalation
• r/r MF,* MDS, or 

MDS/MPN
• 3+3 design 

INCB057643
Monotherapy

Starting dose:
4 mg qd 

Dose escalation 
• INCB057643 + 

ruxolitinib
• MF with suboptimal‡

response to ruxolitinib
• 3+3 design

Dose expansion
• MF only 

Dose expansion 
• INCB057643 + 

ruxolitinib
• MF with suboptimal‡

response to ruxolitinib

Part 1: Monotherapy

Part 2: Combination 
Therapy

Identification 
of RDE(s)

Identificatio
n of RDE(s)

4 mg qd 
dose 

cleared 

Patient Population

• Adults ≥18 years old 
• One of the following 

histologically confirmed 
diagnoses:
– r/r* primary or 

secondary MF†
– MDS
– MDS/MPN

• ECOG PS ≤2
• Platelet count 

≥50×109/L

Study Endpoints 

• Primary endpoint: safety 
and tolerability, including 
identification of DLTs

• Secondary endpoints:
– ≥35% reduction in 

spleen volume (SVR35; 
per MRI/CT) at Week 24

– ≥50% reduction in total 
symptom score (TSS50; 
per MPN-SAF TSS) at 
Week 24

– Anemia response§

• INCB057643 monotherapy or in combination with RUX was well tolerated

• Improvements in spleen size and symptom burden were observed in patients 
receiving INCB057643 ≥8-mg (mono) and INCB057643 4- and 6-mg (combo)

• 6 mg and 10 mg INCB057643 were identified as monotherapy doses for expansion; 
Dose escalation is ongoing in the combination therapy group

INCB057643 (LIMBER-103), BET-i, in R/R MF (P1)

Watts et al. ASH 2023 abs 750
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Hemoglobin during treatment (mean ± SD) Platelets during treatment (mean ± SD)

SVR35 was achieved by 20% of patients; 
SVR25 by 30% of patients, and SVR10 by 

55% of patients

Best change in spleen 
volume at any time

Best change in 
symptoms at any time

TSS50 was achieved by 55% 
of patients

TP-3654, PIM1i, in R/R MF



Anemia in MF



• Monotherapy Population (Resistant, refractory, lost response to or 
intolerant/ineligible for JAKi)
– Among the 7 NTD patients who completed 24 weeks of treatment, anemia 

improvement (Hb increase ≥1.5 g/dL from BL) was observed in 2 patients
– None of the 6 TD patients who completed 24 weeks of treatment achieved 

transfusion independence
• Combo population (add on RUX , if anemia)

– Among the 10 NTD patients who completed 24 weeks of treatment, anemia 
improvement (Hb increase ≥1.5 g/dL from BL) was observed in 2 patients

– The one TD patient who completed 24 weeks of treatment did not achieve 
transfusion independence

Zilurgisertib, an ALK2/ACVR1 inhibitor

Mohan et al. ASH 2024.Abs 624



KER-050 and KER-050+RUX in MF patients with 
anemia, an ongoing Phase 2 RESTORE study
• KER-050 is an investigational, modified activin receptor type IIA ligand trap 

designed to inhibit activin A and other select TGF-β superfamily ligands, 
activin B and GDFs 8 and 11

Maximum Change in Hgb: NTD Participants Reductions in Transfusion Burden

Harrison et al. ASH 2023 Abs 3185



Potential target therapies
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Discovery of JNJ-88549968, a Novel, First-in-Class 
CALRmutxCD3 T-cell Redirecting Antibody for the Treatment 
of Myeloproliferative Neoplasms
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B A C K G R O U N D

Presented at ASH; December 9, 2023; San Diego, CA, USA

• Myeloproliferative Neoplasms (MPNs) are clonal disorders of 
hematopoiesis characterized by excessive production of mature blood 
cells of the myeloid lineage. Current treatment options for MPN 
patients are not curative. Identification of novel therapeutic 
approaches with a clear disease-modifying effect for the treatment of 
MPNs is an unmet medical need. 

• Mutations in Janus Kinase 2 (JAK2), thrombopoietin receptor (TPOR, 
also known as MPL), and calreticulin (CALR) are phenotypic drivers in 
the pathogenesis of MPN. CALR mutations (CALRmut) are the second 
most frequent in MPN. 

• CALRmut are insertions or deletions causing a frameshift in the last 
exon of the gene, resulting in loss of the ER-retention motif and 
generation of a 36 amino acid neoantigen. Due to loss of the ER-
retention motif, CALRmut is not confined to the ER and through 
interaction with MPL is trafficked to the cell surface. 

1. Klampfl T. et al., N Engl J Med (2013); 369:2379-2390;  2. Nangalia J, et al. N Engl J Med (2013);369:2391-405; 3. Vainchenker W and Kralovics R, Blood (2017); 129:667-679

• JNJ-88549968 is a fully human IgG1 antibody that binds to CALRmut 
and CD3. Anti-CALRmut engaging arm originates from rabbit anti-
CALRmut antibody (MyeloPro), humanized and Post-Translation 
Modification (PTM) risk mitigation performed at Janssen. 

R E S U L T S

M E T H O D S

CALRmut

# 1 7 7 7

https://www.congresshub.com/Oncology/ASH2023/EarlyInvestigationalProducts/Kuchnio

The QR code is intended to provide scientific information for individual reference, and the 
information should not be altered or reproduced in any way.

JNJ-88549968 mediated robust anti-tumor activity in 
two independent CALRmut in vivo models.

Schematic of JNJ-88549968 CALRmutxCD3
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CD34+ and T cells isolated from 
healthy donors (n=3) or CALRmut MPN 
patients (n=7) were tested in T-cell 
cytotoxicity assays with the indicated 
antibodies. Cytotoxicity of CD34+ cells 
was measured after 120 hours. The 
assay was conducted at an E:T ratio of 
5:1. 3 out of 7 CALRmut MPN patients 
were treated with JAK1/2 inhibitor 
prior cell isolation.
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JNJ-88549968 mediates cytotoxicity of CALRmut patient-derived CD34+ cells in autologous setting

Concentration (nM)

T cells from healthy donors were tested in T-cell cytotoxicity assays with the indicated antibodies 
and target cell lines. Cytotoxicity of cancer cells and T-cell activation was measured after 72 hours. 
The assay was conducted at an E:T ratio of 5:1.
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1h binding of JNJ-88549968 or NullxCD3 antibodies detected with a AF647-labeled secondary 
antibody to a panel of cell lines engineered to express CALRmut and MPL. GeoMean; Geometric 
Mean of fluorescence intensity. 
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T cells from healthy donors were tested in T-cell redirection assays with the 
indicated antibodies and target cell lines, performed at an E:T ratio of 5:1. 
Cytotoxicity of cancer cells and T-cell activation was measured after 72 
hours. Recombinant (rec) CALRdel52 protein was used as a source of 
soluble CALRmut. 

Whole blood from healthy donors (n=6) or CALRmut patients 
(n=13) was tested in T-cell redirection assays with the indicated 
antibodies and ELF-153 MPL CALRins5+ target cell lines at an E:T 
ratio of 1:1. Cytotoxicity of cancer cells and T-cell activation was 
measured after 72 hours. 

CALRmut present in patients’ whole blood 
does not alter activity of JNJ-88549968

anti-CALRmut isotype control

CALRdel52 patient
Mut. Burden 52.3% 

CALRdel52 patient
Mut. Burden 49.3% 

CALRdel4 patient
Mut. Burden 49.7% 

CALRins5 patient
Mut. Burden 47.7% 

CALRdel52 patient
Mut. Burden 50.9% 

CALRmut is detected on the surface of CALRmut MPN cells

Cell surface expression levels of CALRmut are displayed for CD34+ cells isolated from CALRmut 
MPN patients using a polyclonal rabbit Ab.

CALRmut

(A) Prevalence of JAK2, CALR, and MPL mutations across MPN in patients diagnosed with Essential 
Thrombocythemia and Primary Myelofibrosis1,2. (B,C) Thrombopoietin (TPO) receptor (MPL) signaling 
pathway in the presence of CALR wild type (B) or CALRmut (C)3.

A

No substantial changes in CALRmut patient T cell functionality 

Phenotypic evaluation of T cells from healthy (n=16), CALRmut MPN (n=67) donors by CyTOF: 
PBMCs were rested before stimulating the cells with PMA/io (PMA, phorbol 12-myristate 13-acetate; 
io, ionomycin) for 4 hours, staining with metal-isotype antibodies, and acquisition by CyTOF.
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Tumor cells were implanted on Day 0, T cells injection and dosing 
occurred on the indicated days. ILS; increased life span.  
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JNJ-88549968 mediates anti-tumor activity in vivo

Tumor cells were implanted on Day 0, T cells injection and dosing 
occurred on the indicated days. TGI, tumor growth inhibition. 
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Evaluation of the impact of soluble CALRmut on JNJ- 
88549968 activity suggested that the presence of 
CALRmut does not affect the activity of JNJ-88549968.

JNJ-88549968 is a novel first-in-class bispecific T-cell 
engaging antibody investigated for the treatment of 
CALRmut MPN. JNJ-88549968 is currently being 
advanced for clinical investigation in patients with MPN.

Schematic explaining mechanism of action: JNJ-88549968 is a T-cell engaging bispecific antibody 
that recognizes the CD3 antigen on T lymphocytes and CALRmut on an MPN clone. Schematic 
created with BioRender. 

CALRmut is detected on the cell surface of CALRmut 
patient cells. Phenotypic characterization of T cells 
from CALRmut MPN patients confirmed their fitness 
and functionality.%
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JNJ-88549968 binding and T cell-mediated 
cytotoxicity were selective to CALRmut-expressing 
cells. JNJ-88549968 mediated potent in vitro 
cytotoxicity to patient CALRmut CD34+ cells in an 
autologous set up, while sparing healthy WT cells. 
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• Myeloproliferative Neoplasms (MPNs) are clonal disorders of 
hematopoiesis characterized by excessive production of mature blood 
cells of the myeloid lineage. Current treatment options for MPN 
patients are not curative. Identification of novel therapeutic 
approaches with a clear disease-modifying effect for the treatment of 
MPNs is an unmet medical need. 

• Mutations in Janus Kinase 2 (JAK2), thrombopoietin receptor (TPOR, 
also known as MPL), and calreticulin (CALR) are phenotypic drivers in 
the pathogenesis of MPN. CALR mutations (CALRmut) are the second 
most frequent in MPN. 

• CALRmut are insertions or deletions causing a frameshift in the last 
exon of the gene, resulting in loss of the ER-retention motif and 
generation of a 36 amino acid neoantigen. Due to loss of the ER-
retention motif, CALRmut is not confined to the ER and through 
interaction with MPL is trafficked to the cell surface. 

1. Klampfl T. et al., N Engl J Med (2013); 369:2379-2390;  2. Nangalia J, et al. N Engl J Med (2013);369:2391-405; 3. Vainchenker W and Kralovics R, Blood (2017); 129:667-679

• JNJ-88549968 is a fully human IgG1 antibody that binds to CALRmut 
and CD3. Anti-CALRmut engaging arm originates from rabbit anti-
CALRmut antibody (MyeloPro), humanized and Post-Translation 
Modification (PTM) risk mitigation performed at Janssen. 

R E S U L T S

M E T H O D S

CALRmut

# 1 7 7 7

https://www.congresshub.com/Oncology/ASH2023/EarlyInvestigationalProducts/Kuchnio

The QR code is intended to provide scientific information for individual reference, and the 
information should not be altered or reproduced in any way.

JNJ-88549968 mediated robust anti-tumor activity in 
two independent CALRmut in vivo models.

Schematic of JNJ-88549968 CALRmutxCD3
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CD34+ and T cells isolated from 
healthy donors (n=3) or CALRmut MPN 
patients (n=7) were tested in T-cell 
cytotoxicity assays with the indicated 
antibodies. Cytotoxicity of CD34+ cells 
was measured after 120 hours. The 
assay was conducted at an E:T ratio of 
5:1. 3 out of 7 CALRmut MPN patients 
were treated with JAK1/2 inhibitor 
prior cell isolation.
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JNJ-88549968 mediates cytotoxicity of CALRmut patient-derived CD34+ cells in autologous setting

Concentration (nM)

T cells from healthy donors were tested in T-cell cytotoxicity assays with the indicated antibodies 
and target cell lines. Cytotoxicity of cancer cells and T-cell activation was measured after 72 hours. 
The assay was conducted at an E:T ratio of 5:1.
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JNJ-88549968 mediates CALRmut selective cytotoxicity
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JNJ-88549968 selectively binds to CALRmut expressing cells
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1h binding of JNJ-88549968 or NullxCD3 antibodies detected with a AF647-labeled secondary 
antibody to a panel of cell lines engineered to express CALRmut and MPL. GeoMean; Geometric 
Mean of fluorescence intensity. 

Bi
nd

in
g 

 
(G

eo
 M

ea
n)

Concentration (nM) Concentration (nM)

* Significant difference compared to PBS treatment (p<0.05)

200 ng/ml

100 ng/ml

50 ng/ml

25 ng/ml

0 ng/ml

rec CALRdel52

  

 

 

   

   

   

   

   

Presence of soluble CALRmut protein does not 
affect JNJ-88549968 cytotoxicity
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T cells from healthy donors were tested in T-cell redirection assays with the 
indicated antibodies and target cell lines, performed at an E:T ratio of 5:1. 
Cytotoxicity of cancer cells and T-cell activation was measured after 72 
hours. Recombinant (rec) CALRdel52 protein was used as a source of 
soluble CALRmut. 

Whole blood from healthy donors (n=6) or CALRmut patients 
(n=13) was tested in T-cell redirection assays with the indicated 
antibodies and ELF-153 MPL CALRins5+ target cell lines at an E:T 
ratio of 1:1. Cytotoxicity of cancer cells and T-cell activation was 
measured after 72 hours. 

CALRmut present in patients’ whole blood 
does not alter activity of JNJ-88549968

anti-CALRmut isotype control

CALRdel52 patient
Mut. Burden 52.3% 

CALRdel52 patient
Mut. Burden 49.3% 

CALRdel4 patient
Mut. Burden 49.7% 

CALRins5 patient
Mut. Burden 47.7% 

CALRdel52 patient
Mut. Burden 50.9% 

CALRmut is detected on the surface of CALRmut MPN cells

Cell surface expression levels of CALRmut are displayed for CD34+ cells isolated from CALRmut 
MPN patients using a polyclonal rabbit Ab.

CALRmut

(A) Prevalence of JAK2, CALR, and MPL mutations across MPN in patients diagnosed with Essential 
Thrombocythemia and Primary Myelofibrosis1,2. (B,C) Thrombopoietin (TPO) receptor (MPL) signaling 
pathway in the presence of CALR wild type (B) or CALRmut (C)3.

A

No substantial changes in CALRmut patient T cell functionality 

Phenotypic evaluation of T cells from healthy (n=16), CALRmut MPN (n=67) donors by CyTOF: 
PBMCs were rested before stimulating the cells with PMA/io (PMA, phorbol 12-myristate 13-acetate; 
io, ionomycin) for 4 hours, staining with metal-isotype antibodies, and acquisition by CyTOF.
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Tumor cells were implanted on Day 0, T cells injection and dosing 
occurred on the indicated days. ILS; increased life span.  
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JNJ-88549968 mediates anti-tumor activity in vivo

Tumor cells were implanted on Day 0, T cells injection and dosing 
occurred on the indicated days. TGI, tumor growth inhibition. 
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Evaluation of the impact of soluble CALRmut on JNJ- 
88549968 activity suggested that the presence of 
CALRmut does not affect the activity of JNJ-88549968.

JNJ-88549968 is a novel first-in-class bispecific T-cell 
engaging antibody investigated for the treatment of 
CALRmut MPN. JNJ-88549968 is currently being 
advanced for clinical investigation in patients with MPN.

Schematic explaining mechanism of action: JNJ-88549968 is a T-cell engaging bispecific antibody 
that recognizes the CD3 antigen on T lymphocytes and CALRmut on an MPN clone. Schematic 
created with BioRender. 

CALRmut is detected on the cell surface of CALRmut 
patient cells. Phenotypic characterization of T cells 
from CALRmut MPN patients confirmed their fitness 
and functionality.%
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JNJ-88549968 binding and T cell-mediated 
cytotoxicity were selective to CALRmut-expressing 
cells. JNJ-88549968 mediated potent in vitro 
cytotoxicity to patient CALRmut CD34+ cells in an 
autologous set up, while sparing healthy WT cells. 
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• Myeloproliferative Neoplasms (MPNs) are clonal disorders of 
hematopoiesis characterized by excessive production of mature blood 
cells of the myeloid lineage. Current treatment options for MPN 
patients are not curative. Identification of novel therapeutic 
approaches with a clear disease-modifying effect for the treatment of 
MPNs is an unmet medical need. 

• Mutations in Janus Kinase 2 (JAK2), thrombopoietin receptor (TPOR, 
also known as MPL), and calreticulin (CALR) are phenotypic drivers in 
the pathogenesis of MPN. CALR mutations (CALRmut) are the second 
most frequent in MPN. 

• CALRmut are insertions or deletions causing a frameshift in the last 
exon of the gene, resulting in loss of the ER-retention motif and 
generation of a 36 amino acid neoantigen. Due to loss of the ER-
retention motif, CALRmut is not confined to the ER and through 
interaction with MPL is trafficked to the cell surface. 

1. Klampfl T. et al., N Engl J Med (2013); 369:2379-2390;  2. Nangalia J, et al. N Engl J Med (2013);369:2391-405; 3. Vainchenker W and Kralovics R, Blood (2017); 129:667-679

• JNJ-88549968 is a fully human IgG1 antibody that binds to CALRmut 
and CD3. Anti-CALRmut engaging arm originates from rabbit anti-
CALRmut antibody (MyeloPro), humanized and Post-Translation 
Modification (PTM) risk mitigation performed at Janssen. 
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JNJ-88549968 mediated robust anti-tumor activity in 
two independent CALRmut in vivo models.

Schematic of JNJ-88549968 CALRmutxCD3
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CD34+ and T cells isolated from 
healthy donors (n=3) or CALRmut MPN 
patients (n=7) were tested in T-cell 
cytotoxicity assays with the indicated 
antibodies. Cytotoxicity of CD34+ cells 
was measured after 120 hours. The 
assay was conducted at an E:T ratio of 
5:1. 3 out of 7 CALRmut MPN patients 
were treated with JAK1/2 inhibitor 
prior cell isolation.
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JNJ-88549968 mediates cytotoxicity of CALRmut patient-derived CD34+ cells in autologous setting

Concentration (nM)

T cells from healthy donors were tested in T-cell cytotoxicity assays with the indicated antibodies 
and target cell lines. Cytotoxicity of cancer cells and T-cell activation was measured after 72 hours. 
The assay was conducted at an E:T ratio of 5:1.
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JNJ-88549968 mediates CALRmut selective cytotoxicity
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JNJ-88549968 selectively binds to CALRmut expressing cells
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1h binding of JNJ-88549968 or NullxCD3 antibodies detected with a AF647-labeled secondary 
antibody to a panel of cell lines engineered to express CALRmut and MPL. GeoMean; Geometric 
Mean of fluorescence intensity. 
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Presence of soluble CALRmut protein does not 
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T cells from healthy donors were tested in T-cell redirection assays with the 
indicated antibodies and target cell lines, performed at an E:T ratio of 5:1. 
Cytotoxicity of cancer cells and T-cell activation was measured after 72 
hours. Recombinant (rec) CALRdel52 protein was used as a source of 
soluble CALRmut. 

Whole blood from healthy donors (n=6) or CALRmut patients 
(n=13) was tested in T-cell redirection assays with the indicated 
antibodies and ELF-153 MPL CALRins5+ target cell lines at an E:T 
ratio of 1:1. Cytotoxicity of cancer cells and T-cell activation was 
measured after 72 hours. 

CALRmut present in patients’ whole blood 
does not alter activity of JNJ-88549968

anti-CALRmut isotype control

CALRdel52 patient
Mut. Burden 52.3% 

CALRdel52 patient
Mut. Burden 49.3% 

CALRdel4 patient
Mut. Burden 49.7% 

CALRins5 patient
Mut. Burden 47.7% 

CALRdel52 patient
Mut. Burden 50.9% 

CALRmut is detected on the surface of CALRmut MPN cells

Cell surface expression levels of CALRmut are displayed for CD34+ cells isolated from CALRmut 
MPN patients using a polyclonal rabbit Ab.

CALRmut

(A) Prevalence of JAK2, CALR, and MPL mutations across MPN in patients diagnosed with Essential 
Thrombocythemia and Primary Myelofibrosis1,2. (B,C) Thrombopoietin (TPO) receptor (MPL) signaling 
pathway in the presence of CALR wild type (B) or CALRmut (C)3.

A

No substantial changes in CALRmut patient T cell functionality 

Phenotypic evaluation of T cells from healthy (n=16), CALRmut MPN (n=67) donors by CyTOF: 
PBMCs were rested before stimulating the cells with PMA/io (PMA, phorbol 12-myristate 13-acetate; 
io, ionomycin) for 4 hours, staining with metal-isotype antibodies, and acquisition by CyTOF.
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Tumor cells were implanted on Day 0, T cells injection and dosing 
occurred on the indicated days. ILS; increased life span.  
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JNJ-88549968 mediates anti-tumor activity in vivo

Tumor cells were implanted on Day 0, T cells injection and dosing 
occurred on the indicated days. TGI, tumor growth inhibition. 
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Evaluation of the impact of soluble CALRmut on JNJ- 
88549968 activity suggested that the presence of 
CALRmut does not affect the activity of JNJ-88549968.

JNJ-88549968 is a novel first-in-class bispecific T-cell 
engaging antibody investigated for the treatment of 
CALRmut MPN. JNJ-88549968 is currently being 
advanced for clinical investigation in patients with MPN.

Schematic explaining mechanism of action: JNJ-88549968 is a T-cell engaging bispecific antibody 
that recognizes the CD3 antigen on T lymphocytes and CALRmut on an MPN clone. Schematic 
created with BioRender. 

CALRmut is detected on the cell surface of CALRmut 
patient cells. Phenotypic characterization of T cells 
from CALRmut MPN patients confirmed their fitness 
and functionality.%
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JNJ-88549968 binding and T cell-mediated 
cytotoxicity were selective to CALRmut-expressing 
cells. JNJ-88549968 mediated potent in vitro 
cytotoxicity to patient CALRmut CD34+ cells in an 
autologous set up, while sparing healthy WT cells. 
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B A C K G R O U N D
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• Myeloproliferative Neoplasms (MPNs) are clonal disorders of 
hematopoiesis characterized by excessive production of mature blood 
cells of the myeloid lineage. Current treatment options for MPN 
patients are not curative. Identification of novel therapeutic 
approaches with a clear disease-modifying effect for the treatment of 
MPNs is an unmet medical need. 

• Mutations in Janus Kinase 2 (JAK2), thrombopoietin receptor (TPOR, 
also known as MPL), and calreticulin (CALR) are phenotypic drivers in 
the pathogenesis of MPN. CALR mutations (CALRmut) are the second 
most frequent in MPN. 

• CALRmut are insertions or deletions causing a frameshift in the last 
exon of the gene, resulting in loss of the ER-retention motif and 
generation of a 36 amino acid neoantigen. Due to loss of the ER-
retention motif, CALRmut is not confined to the ER and through 
interaction with MPL is trafficked to the cell surface. 

1. Klampfl T. et al., N Engl J Med (2013); 369:2379-2390;  2. Nangalia J, et al. N Engl J Med (2013);369:2391-405; 3. Vainchenker W and Kralovics R, Blood (2017); 129:667-679

• JNJ-88549968 is a fully human IgG1 antibody that binds to CALRmut 
and CD3. Anti-CALRmut engaging arm originates from rabbit anti-
CALRmut antibody (MyeloPro), humanized and Post-Translation 
Modification (PTM) risk mitigation performed at Janssen. 

R E S U L T S

M E T H O D S

CALRmut

# 1 7 7 7

https://www.congresshub.com/Oncology/ASH2023/EarlyInvestigationalProducts/Kuchnio

The QR code is intended to provide scientific information for individual reference, and the 
information should not be altered or reproduced in any way.

JNJ-88549968 mediated robust anti-tumor activity in 
two independent CALRmut in vivo models.

Schematic of JNJ-88549968 CALRmutxCD3
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CD34+ and T cells isolated from 
healthy donors (n=3) or CALRmut MPN 
patients (n=7) were tested in T-cell 
cytotoxicity assays with the indicated 
antibodies. Cytotoxicity of CD34+ cells 
was measured after 120 hours. The 
assay was conducted at an E:T ratio of 
5:1. 3 out of 7 CALRmut MPN patients 
were treated with JAK1/2 inhibitor 
prior cell isolation.
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JNJ-88549968 mediates cytotoxicity of CALRmut patient-derived CD34+ cells in autologous setting

Concentration (nM)

T cells from healthy donors were tested in T-cell cytotoxicity assays with the indicated antibodies 
and target cell lines. Cytotoxicity of cancer cells and T-cell activation was measured after 72 hours. 
The assay was conducted at an E:T ratio of 5:1.

0.001 0.01 0.1 1 10 100
-20

0

20

40

60

80

100

      

     

     

0.001 0.01 0.1 1 10 100
-20

0

20

40

60

80

100

        

     

     

0.001 0.01 0.1 1 10 100
-20

0

20

40

60

80

100

        

     

     

0.001 0.01 0.1 1 10 100
-20

0

20

40

60

80

100

      g

%
 c

yt
ot

ox
ic

it
y

%
 C

D
25

+
CD

8 
T 

ce
lls

ELF-153 
MPL CALRwt

ELF-153 
MPL CALRdel52

ELF-153 
MPL CALRins5

0.001 0.01 0.1 1 10 100
-20

0

20

40

60

80

100

   

0.001 0.01 0.1 1 10 100
-20

0

20

40

60

80

100

     

     

     

JNJ-88549968 mediates CALRmut selective cytotoxicity
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JNJ-88549968 selectively binds to CALRmut expressing cells
MPL CALRdel52 MPL CALRins5MPL CALRwt
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1h binding of JNJ-88549968 or NullxCD3 antibodies detected with a AF647-labeled secondary 
antibody to a panel of cell lines engineered to express CALRmut and MPL. GeoMean; Geometric 
Mean of fluorescence intensity. 
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Presence of soluble CALRmut protein does not 
affect JNJ-88549968 cytotoxicity
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T cells from healthy donors were tested in T-cell redirection assays with the 
indicated antibodies and target cell lines, performed at an E:T ratio of 5:1. 
Cytotoxicity of cancer cells and T-cell activation was measured after 72 
hours. Recombinant (rec) CALRdel52 protein was used as a source of 
soluble CALRmut. 

Whole blood from healthy donors (n=6) or CALRmut patients 
(n=13) was tested in T-cell redirection assays with the indicated 
antibodies and ELF-153 MPL CALRins5+ target cell lines at an E:T 
ratio of 1:1. Cytotoxicity of cancer cells and T-cell activation was 
measured after 72 hours. 

CALRmut present in patients’ whole blood 
does not alter activity of JNJ-88549968

anti-CALRmut isotype control

CALRdel52 patient
Mut. Burden 52.3% 

CALRdel52 patient
Mut. Burden 49.3% 

CALRdel4 patient
Mut. Burden 49.7% 

CALRins5 patient
Mut. Burden 47.7% 

CALRdel52 patient
Mut. Burden 50.9% 

CALRmut is detected on the surface of CALRmut MPN cells

Cell surface expression levels of CALRmut are displayed for CD34+ cells isolated from CALRmut 
MPN patients using a polyclonal rabbit Ab.

CALRmut

(A) Prevalence of JAK2, CALR, and MPL mutations across MPN in patients diagnosed with Essential 
Thrombocythemia and Primary Myelofibrosis1,2. (B,C) Thrombopoietin (TPO) receptor (MPL) signaling 
pathway in the presence of CALR wild type (B) or CALRmut (C)3.

A

No substantial changes in CALRmut patient T cell functionality 

Phenotypic evaluation of T cells from healthy (n=16), CALRmut MPN (n=67) donors by CyTOF: 
PBMCs were rested before stimulating the cells with PMA/io (PMA, phorbol 12-myristate 13-acetate; 
io, ionomycin) for 4 hours, staining with metal-isotype antibodies, and acquisition by CyTOF.
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Tumor cells were implanted on Day 0, T cells injection and dosing 
occurred on the indicated days. ILS; increased life span.  
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JNJ-88549968 mediates anti-tumor activity in vivo

Tumor cells were implanted on Day 0, T cells injection and dosing 
occurred on the indicated days. TGI, tumor growth inhibition. 
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Evaluation of the impact of soluble CALRmut on JNJ- 
88549968 activity suggested that the presence of 
CALRmut does not affect the activity of JNJ-88549968.

JNJ-88549968 is a novel first-in-class bispecific T-cell 
engaging antibody investigated for the treatment of 
CALRmut MPN. JNJ-88549968 is currently being 
advanced for clinical investigation in patients with MPN.

Schematic explaining mechanism of action: JNJ-88549968 is a T-cell engaging bispecific antibody 
that recognizes the CD3 antigen on T lymphocytes and CALRmut on an MPN clone. Schematic 
created with BioRender. 

CALRmut is detected on the cell surface of CALRmut 
patient cells. Phenotypic characterization of T cells 
from CALRmut MPN patients confirmed their fitness 
and functionality.%
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JNJ-88549968 binding and T cell-mediated 
cytotoxicity were selective to CALRmut-expressing 
cells. JNJ-88549968 mediated potent in vitro 
cytotoxicity to patient CALRmut CD34+ cells in an 
autologous set up, while sparing healthy WT cells. 

N
or

m
al

iz
ed

 t
o 

m
od

e

Days post tumor implantation Days post tumor implantation

JNJ-88549968, a Novel, First-in-Class CALRmut x 
CD3 T-cell Redirecting Antibody

Kuchnio et al. ASH 2023. Abs 1777

• CALRmut is detected on the surface of CALRmut MPN cells
• No substantial changes in CALRmut patient T cell functionality



INCB160058, a selective pseudokinase (JH2)-
binding inhibitor of JAK2V617F

Inhibition of V617F-driven TPOR DimerizationINCB058 is a selective pseudokinase
(JH2)-binding Inhibitor of JAK2V617F

Inhibition of JAK2V617F signaling Selective growth inhibition of V617F-expressing cells

Stubbs et al. ASH 2023. Abs 860



Conclusions

• Combination therapies in 1L, as pelabresib plus ruxolitinib (MANIFEST-2, 
mostly int-1) or navitoclax plus ruxolitinib (TRANSFORM-1, mostly int-2) 
provided evidence of efficacy doubling SVR35 at W32 vs. ruxolitinib single 
agent, leaving unaffected symptomatology control of ruxolitinib

• Selinexor plus ruxolitinib in 1L setting is under investigation
• Fedratinib definitively represents the 2L treatment of MF with a 54% rate 

of SVR35 during treatment course
• Bet-inhibitors (BMS-986158, INCB057643), PIM inhibitor and anemia-

oriented molecules (zilurgisertib and KER-050) are under investigation
• Immunotherapies for CALRmut and JH2 inhibition for JAK2mut have 

interesting preclinical profiles


