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Abstract: Myelofibrosis (MF) is a clonal hematologic malignancy characterized by bone
marrow fibrosis, extramedullary hematopoiesis, splenomegaly, and constitutional symptoms
with a propensity towards leukemic transformation. Constitutive activation of the JAK/STAT
pathway is a well-described pathogenic feature of MF. Allogeneic stem cell transplant is the
only curative therapy, but due to high morbidity and mortality this option is not available for
most patients. There are two approved targeted therapy options for MF, ruxolitinib and
fedratinib. In this review, we discuss the clinical utility of fedratinib in the myelofibrosis
treatment paradigm. Fedratinib has shown impressive pre-clinical and clinical efficacy in
patients with untreated MF as well as in those with ruxolitinib intolerance and those with
relapsed/refractory MF. Here, we review the pre-clinical and clinical trials that led to the
approval of fedratinib, and the ongoing late-phase trials. We highlight several areas regarding
the clinical utility of fedratinib that remain unanswered. We discuss the limitations of
fedratinib and address areas that are understudied and require further clinical evaluation
and research. The approval of fedratinib has provided a significant expansion to the very
limited treatment armamentarium available to patients with MF.
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Introduction
Myelofibrosis (MF) is a myeloproliferative neoplasm (MPN) characterized by clonal
proliferation of myeloid stem cells, bone marrow fibrosis, cytopenias, splenomegaly
secondary to extramedullary hematopoiesis, and increased pro-inflammatory cytokine
production with associated constitutional symptoms.' MF can arise de novo, called
primary MF (PMF), or secondary to an antecedent MPN such as essential thrombocy-
tosis (ET) or polycythemia vera (PV), termed post-ET MF or post-PV MF,
respectively.” Patients with MF have a propensity towards leukemic transformation,
termed MPN blast phase (MPN-BP).>* A key pathogenic feature of MF is the
constitutive activation of the JAK/STAT pathway, which is a result of a variety of
well-described driver mutations including JAK2, CALR, or MPL. A mutation in one of
these three genes is present in over 90% of patients with ME.> While the pathogenesis
of MF is incompletely understood, constitutive activation of the JAK/STAT pathway is
pivotal, leading to downstream signaling that stimulates cellular proliferation, impairs
apoptosis, and promotes cytokine-independent and erythropoietin-independent colony
formation.®” While allogeneic stem cell transplant (aSCT) is the only potentially
curative therapeutic option for MF, treatment-related morbidity and mortality precludes
this therapy in the majority of cases.

Given the central role of JAK-STAT overactivation in MF pathobiology, ther-
apeutic targeting of this pathway has become the mainstay of pharmacologic
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treatment. Ruxolitinib (Jakafi, Incyte) is a selective JAK1
and JAK2 inhibitor approved by the Food and Drug
Administration (FDA) in 2011 for treatment of patients
with Dynamic International Prognostic Scoring System
(DIPSS) intermediate or high-risk MF. Approval was
based on the results of the COMFORT-I
(NCT00952289). and COMFORT-II (NCT00934544)
trials, which demonstrate activity in terms of spleen
volume reduction (SVR) rate and improvement in consti-
tutional symptom burden.®* Unfortunately, many patients
may be intolerant to ruxolitinib, or become refractory. The
median time to ruxolitinib discontinuation in long-term
follow-up of patients enrolled in COMFORT-I and -II
trials was 3 years.'” Discontinuation of ruxolitinib is
a poor prognostic event, with a median survival of 11-15

months as demonstrated

11-13

in multiple retrospective
series.

Fedratinib (Inrebic, BMS) is a JAK2/FLT3 inhibitor
that was FDA-approved in August 2019 based on the
results of the JAKARTA and JAKARTA-2 studies.'*"
Fedratinib had a clinical development delay due to
a prolonged full clinical hold from 2013 to 2017 related
to several cases concerning drug-related Wernicke ence-
phalopathy (WE).'® Further review led to a lift of this hold
and ultimate approval of fedratinib for the treatment of MF
patients either in the front-line or after ruxolitinib discon-
tinuation, fulfilling an urgent need.

In this review, we detail the clinical utility of fedratinib
in the treatment of patients with MF. We first describe the
benefits and limitations of ruxolitinib, the standard first-
line JAK inhibitor. We then delve into the pre-clinical and
clinical trial data that led to the approval of fedratinib and
how this agent fits into the current treatment paradigm. We
then describe the limitations with this JAK inhibitor and
consider the future role of fedratinib for the treatment
of MF.

Ruxolitinib

Ruxolitinib is a JAK1/JAK?2 inhibitor that was approved
based on results of the COMFORT-I and II trials.
COMFORT-I was a double-blind, placebo-controlled trial
which
Prognostic Scoring System (IPSS) intermediate-2 or

randomized 309 patients with International
high-risk MF to twice daily ruxolitinib or placebo. The
primary endpoint was SVR of >35% (SVRj3sq,) at 24
weeks, assessed by magnetic resonance imaging. In the
ruxolitinib arm, 42% of patients achieved the primary

endpoint compared to <1% in the placebo arm.

Additionally, in those who had a response, the reduction
in spleen volume was durable, with 67% of responding
patients maintaining a response at 48 weeks. Regarding
secondary endpoints, 46% of those in the treatment arm
had a decrease in MF symptom assessment form (MF-
SAF) total symptom score of >50% (TSSs0e,), compared
to 5% of those in the placebo arm at the 24-week endpoint.
Reduction in spleen volumes and improvements in TSS
were seen in both wild-type (WT) and mutated JAK2.
Additionally, overall survival (OS) was shown to be
improved in the ruxolitinib group at median follow-up
period of 51 weeks, with a hazard ratio of 0.5 (95% CI
0.25-0.98). Ruxolitinib was well tolerated, with anemia
and thrombocytopenia being the most common grade 3 or
4 adverse event (AE), as well as the most common indica-
tions for dose reduction or discontinuation.’

The COMFORT-II trial randomized 219 patients with
IPSS intermediate-2 or high-risk primary, post-PV, or post-
ET MF in a 2:1 ratio to receive ruxolitinib or best avail-
able therapy (BAT). Similar to the COMFORT-I trial the
primary outcome was SVRj3s0,, but in COMFORT-II this
was measured at 48 weeks, with 24-week spleen measure-
ment as a secondary outcome. Dose adjustments were
made for patients with platelet counts <200x10°/L to
15 mg twice a day in place of the 20 mg twice a day
dose for those with platelet counts >200x10°/L. The most
common BAT given to patients was hydroxyurea in 47%
of patients and glucocorticoids in 16% of enrolled patients.
SVR350, was observed in 28% of subjects in the ruxolitinib
arm versus 0% in the BAT arm. There was TSSsgo,
observed in 46% of subjects receiving ruxolitinib versus
5% in the BAT arm. A long-term follow-up pooled analy-
sis of patients enrolled in COMFORT-I and II trials sup-
port the OS benefit in patients treated with ruxolitinib with
median OS of 5.3 years compared to 2.4 years in the
control group.'® Adverse event profile was similar to that
seen in the COMFORT-I trial, with anemia and thrombo-
cytopenia being the most common AEs.® Further support-
ing the efficacy demonstrated in the pivotal trials in the
United States, the JUMP trial enrolled 2233 patients in
countries without access to ruxolitinib outside of clinical
trials and included patients with thrombocytopenia and
without splenomegaly. Though this was a non-randomized
trial, it supports the results of the COMFORT-I/II trials in
this patient population, leading to significant improve-
ments in splenomegaly, as well as symptoms in patients
with and without splenomegaly at baseline. The adverse
event profile suggests that ruxolitinib has a similar safety
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profile in patients with thrombocytopenia (<200x10°/L,
>50x10°/L) compared to those with normal platelet
counts.”

Because crossover was allowed from the placebo to the
treatment arm in the COMFORT-I and II trials, the rank-
preserving structural failure time (RPSFT) was utilized to
calculate the OS hazard ratio. While there may be a true
survival benefit, as suggested by the study, the RPSFT is
a theoretical model that utilizes statistical assumptions.'®
The COMFORT-I and II trials were not statistically pow-
ered to detect a difference in OS benefit due to the short
follow-up time and small number of events at the time of
analysis.'® Additionally, data from long-term follow-up
studies of the COMFORT trials are difficult to interpret
due to lack of randomization, or controls. The OS benefit
was further investigated in a Cochrane systematic review
evaluating the efficacy of ruxolitinib, which concludes that
there is insufficient evidence to draw conclusions on sur-
vival benefit compared to placebo or BAT.?® Accordingly,
we must interpret the OS benefit noted in the COMFORT-I
and II trials with caution, and this remains a topic of
debate.

Further limitation of ruxolitinib includes its utility in
patients with disease-related cytopenias. Given that throm-
bopoietin and erythropoietin receptors are JAK/STAT-
dependent, ruxolitinib often leads to on-target anemia
and thrombocytopenia. In the COMFORT-I trial, grade 3/
4 anemia and thrombocytopenia were observed in 43%
and 17% of ruxolitinib-treated patients, respectively.”?'
Therefore, patients with a platelet count of <50x10°/L
are ineligible for ruxolitinib, and dose reduction is recom-
mended for patients with platelet counts <200x10°/L.*? In
addition, due to its potential to exacerbate disease-related
anemia, ruxolitinib should be used with caution in patients
with anemia. Additionally, long-term follow-up studies
have demonstrated that ruxolitinib may decrease progres-
sion of fibrosis in the marrow at 60 months follow-up, and
may improve the odds of reduction of bone marrow fibro-
sis, although the clinical significance of this effect remains
uncertain.”> Ruxolitinib does not reduce leukemic progres-
sion, neither in long-term follow-up of the COMFORT
studies nor in pre-clinical modeling.** Moreover, nearly
all patients will eventually develop resistance or progress
to MPN-BP, or develop intolerance (most frequently sec-
ondary to dose-limiting cytopenias) leading to discontinua-
tion within a median of three years of initiation therapy.'?
Importantly, abrupt discontinuation of ruxolitinib has been
associated with a withdrawal syndrome thought to be

secondary to an acute cytokine rebound leading to
a septic-shock-like picture, and in some cases respiratory
distress.”> Discontinuation of ruxolitinib has been asso-
ciated with rapid recurrence of symptoms, overall poor
outcomes, and an OS of 11-15 months.'"™!* Until the
approval of fedratinib in 2019, there was no evidence
that supported second-line pharmacologic agents for
patients with refractory spleen or symptoms or those who

were intolerant to ruxolitinib.

Pre-clinical Development of

Fedratinib

In 2005, the gain-of-function JAK2V617F mutation was
first identified and noted to be highly prevalent in patients
with MPNs.?® There was almost immediate interest in the
JAK/STAT pathway as a therapeutic target in MF, and
JAK?2 inhibitors were developed and quickly entered clin-
ical testing.”” TG10148, which would later be named
fedratinib, was among the early compounds identified as
a JAK?2 inhibitor. This agent was initially designed as
a targeted JAK?2 inhibitor by optimizing a compound iden-
tified in a kinase-inhibitor library utilizing rational struc-
ture-based techniques. Fedratinib was selected for clinical
development due to its low ICs5y of 3 nM to JAK2, indi-
cative of its highly potent characteristics.”® Fedratinib was
also shown to have off-target inhibition of both mutated
and wild-type FLT3, a kinase that phosphorylates and
activates multiple pathways associated with anti-apoptosis
and cellular proliferation at relevant dosing
concentrations.?®° Targeted FLT3 inhibitors have demon-
strated significant survival benefit in the treatment of
FLT3-mutated acute myeloid leukemia,’®>' although the
biologic impact of this FLT3 inhibition in MF, where
activating mutations are not typically seen, is under-
explored.

In addition, fedratinib has shown inhibitor activity
against BRD4, a member of the bromodomain and extra-
terminal domain (BET) protein family. BET proteins have
been shown to play a fundamental role in cellular prolif-
eration and division as well as pro-inflammatory
signaling.*** Inhibition of JAK/STAT pathway and BET
inhibition has been shown to decrease cytokine production
and reverse bone marrow fibrosis in mouse models.>*
Therefore, it is possible that the dual-kinase activity
against JAK2 and BRD4 contribute to the clinical efficacy
profile of fedratinib.
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In pre-clinical models, fedratinib was evaluated in
a JAK2V617F retrovirus-induced MPN murine system,
which demonstrated dose-dependent reduction in erythro-
cytosis and splenomegaly. Additionally, histopathological
analysis of splenic and hepatic tissue from the murine
model showed markedly reduced extramedullary hemato-
poiesis in mice treated with fedratinib compared to those
treated with placebo.”® In contrast to the decrease in allele
burden seen in the JAK2V617F retrovirus-induced murine
model, no decrease in allele burden was noted in a mutant
allele knock-in mouse model.>> A subsequent murine
model was conducted to evaluate the effect of fedratinib
in varying disease phenotypes including post-PV MF and
post-PV MF. The post-PV model was developed from
JAK2V617F knock-in mice, while the post-ET MF model
was developed by continuous MPL activation. Fedratinib
sharply decreased spleen weight in all models. No
decrease in allele burden was observed in the
JAK2V617F knock-in model. Interestingly, bone marrow
fibrosis and osteosclerosis was significantly suppressed in
the post-PV MF model, but not in the post-ET MF
model.*® In summary, although the effect on allele burden
and bone marrow fibrosis was equivocal depending on
mechanism of mutant allele introduction into murine mod-
els, fedratinib showed significant pre-clinical efficacy

across MPN phenotypes.

Phase | Study of Fedratinib

In a multicenter phase 1 study of fedratinib in patients with
intermediate or high-risk primary or post-PV/ET MF, 59
patients were enrolled, with 28 patients in the dose-escala-
tion phase and 31 in the dose-confirmation phase. The
maximally tolerated dose (MTD) was determined to be
680 mg/day based on reversible hyperamylasemia that
occurred in two patients at 800 mg/day. Grade 3 non-
hematologic AEs were almost exclusively reported in the
MTD cohort and included nausea, diarrhea, and vomiting,
which were low grade, self-limited, and dose-dependent.
Grade 3—4 hematologic events that occurred were anemia
(35%), thrombocytopenia (24%), or neutropenia (10%).
Fedratinib also demonstrated promising evidence of clin-
ical activity. After 12 cycles, more than half of patients
reported improvement in constitutional symptoms includ-
ing early satiety, fatigue night sweats, cough, and pruritus,
which were evaluated on a 10-point scale at each visit.
Spleen responses, defined as >50% reduction in spleen
size by palpation, were observed in 47% of patients. Of
the 23 patients harboring >20% JAK2V617F allele burden,

the median allele burden at baseline for this group was
60%. After 12 cycles of treatment, the median allele bur-
den in this group was 32%.’’

In this phase 1 study, with fedratinib administered to
patients at doses of 30-800 mg/day, the mean steady-state
maximum plasma concentration (C,,,x) increased 54-fold
and area under the concentration-time curve (AUC,.)
values increased 88-fold over a 27-fold increase in
dose.’” The half-life of fedratinib is 41 hours, and
steady-state plasma concentrations were achieved by day
15. Fedratinib is metabolized by CYP3A4, CYP2C19, and
FMO3. The terminal phase half-life of fedratinib at steady-
state was 16 to 34 hours across all doses tested. This is
consistent with linear drug elimination. In two healthy
volunteer phase 1 studies, the bioavailability of fedratinib
was not affected by food intake, and the tolerability was
improved when taken after consumption of a high-fat
meal.*®

Given the promising safety and efficacy profile, as well
as the potentially disease-modifying effect as implicated
by the decreased allele burden, fedratinib moved forward
to late-phase clinical trials in patients with MF.

Phase 2 Dose-Finding Study of

Fedratinib

In 2015, Pardanani and colleagues published the results of
a phase 2 randomized dose-finding study evaluating 31
patients with intermediate-2 or high-risk MF who received
either fedratinib 300 mg, 400 mg, or 500 mg daily. The
primary endpoint was SVRj3s0, at 12 weeks measured by
computed tomography or magnetic resonance imaging. At
12 weeks, the rates of SVR350, were 30%, 50%, and 64%
in the 300 mg, 400 mg, and 500 mg cohort, respectively.
By 24 weeks, improvements in the MF-SAF TSS were
observed across all doses. The proportion of patients with
a TSSsqo, at 24 weeks was 33%, 60%, and 38% in the 300,
400, and 500 mg dose groups, respectively. Contrary to the
phase 1 trial, patients with JAKV617F were not shown to
have a statistically significant reduction in allele burden,
with median change in allele burden of —4.57%, —0.05%,
and —8.16% in the 300, 400, and 500 mg groups, although
the trial was not powered to detect an effect in this end-
point. At 48 weeks, 68% of patients remained on fedrati-
nib while 16% discontinued due to AEs, and the rest of
patients discontinued due to withdrawal of consent, with-
holding of drug for >8 weeks, investigator discretion, or
for personal reasons. Six patients (19%) who were
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Table | Rates of Grade lll/IV Adverse Events Across Phase 3 Trials in JAK-Inhibitor-Naive Patients

COMFORT [[¥¥*

NR

1%

Trial Discontinuation Rate® Diarrhea Anemia Thrombocytopenia
JAKARTA ' 14% 5% 43% 17%
COMFORT [** 1% 1.90% 45.2% 12.90%

42%

8%

Notes: “Discontinuation rate at 24 weeks due to adverse events. *Fedratinib 400 mg dose cohort, n=96. **Comfort I: NCT00952289. Ruxolitinib variable doses

depending on plt count, n=155. **Comfort [l: NCT00934544. Ruxolitinib variable doses depending on plt count, n=146.

transfusion-independent at baseline developed red blood
cell (RBC) transfusion dependence. The most common
indications for dose reductions during the trial were ane-
mia and elevated lipase level. Of note, one patient in the
300 mg group developed mildly elevated transaminases
and was dose-reduced to 200 mg but then subsequently
developed sub-massive hepatic necrosis with reversible
liver failure upon discontinuation of therapy. One case of
WE was observed and confirmed by MRI in the 500 mg
group in a 70-year-old woman with a history of chronic
diarrhea, significant weight loss, and cachexia predating
study enrollment and an ischemic stroke while on trial the
week preceding the diagnosis of WE.>* The decision to
move forward with the 400 mg and 500 mg daily dose
regimens in later-phase trials was based on the improved
efficacy with significant improvements in spleen size and
symptom burden in the higher-dose cohorts with a similar
side effect profile and need for dose reductions between all
dosing groups.

JAKARTA Study in Ruxolitinib-

Naive Patients

The JAKARTA trial, a phase 3 trial, evaluated 289 patients
with DIPSS intermediate-2 or high-risk primary MF, post-
PV, and post-ET MF randomized to receive fedratinib at
400 mg/day, 500 mg/day, or placebo in a 1:1:1 fashion. At
baseline, 63% of patients enrolled had primary MF, 10%
had post-ET MF, and 27% had post-PV MF. Regarding
risk status, 52% of patients had DIPSS intermediate-2 risk
MF and 48% had high-risk MF. Eighty-two of 289 (28%)
of patients were JAK2 WT, while the rest (72%) had
JAK2V617F mutant MF. The 500 mg arm had a higher
proportion of JAK2V617F mutations than the 400 mg or
placebo group (78% vs 65% vs 61%). Otherwise, baseline
characteristics were relatively equally distributed across
study arms. The primary endpoint was SVRj3s, at week
24 with a secondary endpoint of TSSsqe,. The primary
endpoint was met in 36% and 40% in the 400 mg and
500 mg cohort, respectively, while only 1% of patients

achieved a spleen response in the placebo arm.
Additionally, the proportion of patients achieving TSSsqo,
was 36% and 34% in patients treated with fedratinib at
400 mg or 500 mg dose, respectively, compared with 7%
in those in the placebo arm. There is a comparable
response rate in terms of SVRjse, and TSSsqo, across
phase 3 trials evaluating ruxolitinib and fedratinib at the
approved dose (400 mg) (Table 1). Of note, in the sub-
group analysis, fedratinib demonstrated significant efficacy
irrespective of JAK2 mutational status. Among fedratinib-
treated patients, 77% of patients enrolled completed 24
weeks of treatment, with 82% of patients in the 400 mg
daily dose arm reaching this milestone and 71% of patients
in the 500 mg daily dose arm. No meaningful changes
were observed in the JAKV617F allele burden during
treatment across all study arms. At 24 weeks, 73% of
patients in the placebo arm crossed over to fedratinib, as
allowed per protocol due to progressive disease. The most
common AEs leading to discontinuation were thrombocy-
topenia, diarrhea, and vomiting. Of note, GI toxicity led to
a dose interruption or dose adjustment in 20% of patients
enrolled. Importantly, 4 cases of WE were reported exclu-
sively in the 500 mg/day cohort, with 3 cases confirmed by
imaging. Otherwise, the toxicity profile was similar to that
observed in the phase 2 trial above, with anemia being the
most common hematologic AE.'* The toxicity profile and
rate of discontinuation at 24 weeks across phase 3 trials

evaluating ruxolitinib and fedratinib are shown in Table 2.

Table 2 Response Rates Across Phase 3 Trials in JAK-Inhibitor-
Naive Patients

Trial SVR35% TSS;o%

JAKARTA ' 36% 36%
COMFORT [ 0% 46%
COMFORT [J#k 32% NR

Notes: *Fedratinib 400 mg dose cohort, n=96. **Comfort I: NCT00952289.
Ruxolitinib  variable doses depending on plt count, n=155. **Comfort
Il: NCT00934544. Ruxolitinib variable doses depending on plt count, n=146.
Abbreviations: SVR35%, splenic volume reduction of 235%; TSS50%, MPN-total
symptom score improvement by 250%.
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JAKARTA-2 Study in Ruxolitinib

Intolerance or Resistance
Given the efficacy of fedratinib in the front-line set-
ting, the logical next step was to evaluate this therapy
in patients previously treated with ruxolitinib. The
JAKARTA-2 trial was a single-arm open-label, non-
randomized phase 2 multicenter trial that evaluated
the use of fedratinib in patients with intermediate or
high-risk primary MF or secondary MF who are either
resistant to or intolerant of ruxolitinib. The criteria for
resistance were lack of response, stable disease,
evidence of disease progression, or loss of response
to >14 days of ruxolitinib. The criteria for intolerance
to ruxolitinib were defined by discontinuation due to
unacceptable toxicity after any duration on ruxolitinib.
It is important to note that this trial included inter-
mediate-1 risk patients with constitutional symptoms,
while the larger phase 3 JAKARTA study did not. In
the 83 assessable patients, SVR;3s0, was observed in
55% of subjects. In 90 patients evaluable, symptom
response evaluated by TSSsqe, was achieved in 26%
of subjects. Toxicity profile was consistent with pre-
The
of patients

viously discussed studies. well
with  19%

treatment due to AEs; however, the full clinical hold

drug was
tolerated, discontinuing
due to cases of WE that were observed in the
JAKARTA trial led to premature termination of this
trial and the inability to follow-up for long-term survi-
val analysis.®

Because the definition for ruxolitinib refractoriness was
poorly defined in this study, a post-hoc analysis of the
JAKARTA-2 that met

a stringent definition of relapse/refractory (R/R) to ruxoli-

trial evaluated 79 patients
tinib. Here, relapse was defined as ruxolitinib treatment for
>3 months with spleen regrowth, defined as SVR <10%, or
<30% decrease in baseline spleen size following an initial
response. Refractory was defined as >3 months of treat-
ment with ruxolitinib with SVR <10% or <30% decrease
in spleen size from baseline. Intolerance was defined as
development of red blood cell transfusion requirement or
grade 3 or higher hematologic AE on >28 days on ruxo-
litinib. In this analysis, 79 patients met the criteria for R/R
or intolerance. Twenty-four (30%) patients achieved a
SVRjse,, reaffirming the meaningful potential benefit in
this patient population. Symptom response rate in the post-
hoc analysis was 27%, consistent with data presented in

the original trial.*’

Wernicke Encephalopathy and Full
Clinical Hold

In 2013, 8 of 670 patients across ongoing late phase trials
evaluating fedratinib were reported to have experienced
neurologic complications of concern for possible WE. Of
eight patients with neurologic symptoms suggestive of WE,
seven were female, six had MF, one had PV, and one had
metastatic head and neck cancer. With concern for
a potentially life-threatening drug-related toxicity, the
FDA placed a clinical hold on fedratinib on November 15,
2013. In terms of proposed mechanisms leading to WE,
fedratinib has been shown to cross the blood—brain barrier
in animal models and has been shown to inhibit human
thiamine transporter (h\THTR2) in vitro, leading to theore-
tically decreased gut absorption.*'** However, given the
low rate of confirmed WE seen across all fedratinib trials,
it is more likely that this neurologic toxicity is related to
underlying thiamine or nutritional deficiencies in the study
population. It has been shown that patients with MPN are at
higher risk for developing WE than the general population,
unrelated to use of fedratinib.*® Further, it has been shown
in a prospective analysis that subnormal thiamine levels are
a rare occurrence in MPN patients, and fedratinib does not
lead to decreased thiamine levels.** Of the eight possible
cases, further review of data from 3 patients revealed that
thiamine levels and MRI results were not supportive of WE
and neurologic complications were determined to be due to
non-drug related etiology. One patient was determined to
have definite WE, 2 with likely WE, and 2 with an incon-
clusive diagnosis of WE.*> With 5 cases in 670 patients
(0.7%), the overall prevalence of WE in this study popula-
tion is less than or equal to the estimated rate of 0.4-2.8%
in the general population.*® During the FDA clinical hold,
Sanofi, which had purchased fedratinib from TargeGen in
2010, discontinued the drug candidate from their pipeline
and halted all further
October 2017, Impact Biomedicines, founded by the former

plans for development. In
research chief and co-inventor of fedratinib at TargeGen,
purchased the full rights for global development and com-
mercialization of the drug candidate from Sanofi (Figure 1).

It was not until January 2018 that the FDA completed
its review of the cases of possible WE, and it was deter-
mined that all patients who suffered this neurologic effect
had cachexia or other nutritional risk factors for develop-
ment of a thiamine deficiency. The complication was
determined to be preventable with thiamine supplementa-
tion in those at high risk, and the clinical hold was lifted.
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TG101348 Oct 2017:
discovered as Impact
JAK2 inhibitor Nov 2013: Biomedicines, Aug 2019:
utilizing FDA placed clinical founded by former FDA approved
rational hold on fedratinib due research chief at fedratinib in int-2
structure- to8casesof TargeGen and high-risk
based suspected Wernicke purchased global primary and
modeling encephalopathy (WE) development rights secondary MF
| | I| | | "

2005: Jan 2010: Dec 2013: Jan 2018:

JAKV617F Sanofi Sanofi FDA completed

mutation purchased discontinued review of WE

identified, TargeGen, fedratinib cases, lifted clinical

noted to be acquiring from pipeline hold. Celgene

highly TG101348 acquired Impact

prevalent in Biomedicines.

MPN Nov 2013

Aug 2019

0 patients treated with fedratinib

Figure | Timeline of fedratinib development and clinical hold.

Nevertheless, fedratinib has a black box warning for risk
of WE. To prevent this complication, providers must check
thiamine levels prior to starting therapy, and intermittently
throughout therapy course. Fedratinib should be held if
patients are thiamine-deficient until thiamine levels have
been replenished.*’

After a thorough re-analysis of cases of WE, fedratinib
was FDA-approved in August 2019 for treatment of
DIPSS intermediate-2 or high-risk primary or secondary
MF. Importantly, this approval allows for fedratinib to be
employed in patients without ruxolitinib exposure as well
as in patients who are intolerant, refractory, or relapsed
after ruxolitinib therapy.*’ Interestingly, FDA approval
was based on the results of the JAKARTA and
JAKARTA-2 trials (Table 3) that had been conducted
while in development at Sanofi and terminated due to
concern for WE. The approval at this time was in the
hands of Celgene and was achieved without enrolling
a single additional patient.

Current Clinical Application of

Fedratinib

While the approval of fedratinib has produced an urgently
needed commercially available treatment option for MF

patients who are intolerant, relapsed, or refractory to rux-
olitinib, it has not necessarily significantly changed stan-
dard of care in the front-line setting. Clinicians have the
option to prescribe either fedratinib or ruxolitinib for
patients with DIPSS intermediate-2 or high-risk MF
(Figure 2). There are no published data evaluating the
efficacy of fedratinib compared with that of ruxolitinib at
this time. Unlike ruxolitinib, fedratinib is not approved for
intermediate-1 risk MF, although this is not necessarily
a limitation in clinical practice. As a front-line agent,
fedratinib, as recently suggested by long-term follow-up
data, has progression-free survival (PFS) benefit. For those
treated with fedratinib as first-line therapy, median PFS
was 23.2 months versus 17.5 months in the placebo arm.
Median OS was not reached in either trial arm.*® Longer
follow-up studies are needed to determine OS benefit of
fedratinib in the upfront setting.

Regarding therapy choice of a front-line agent in those
with DIPSS intermediate-2 or high-risk MF, National
Cancer Center Network (NCCN) guidelines recommend
use of either ruxolitinib as category 2A, or fedratinib as
category 2B. Because of the black box warning for WE
that remains, the GI toxicity profile, and the lack of
comparative study of ruxolitinib versus fedratinib as
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Myelofibrosis

Low or intermediate-1 risk

Intermediate-2 or high risk

v
Transplant
eligible?
no yes
Symptomatic? Allogeneic
stem cell transplant
no yes
Monitor PIt>50? yes Ruxolitinib
or Fedratinib*
no Progression of disease
W
Progression of disease F ini
Clinical trial | edratinib

or Ruxolitinib**

* Consider fedratinib in patients with platelets (plt) 50-100x10°%/L

**Ruxolitinib, if treated with fedratinib as first line

Figure 2 Myelofibrosis treatment algorithm.

a front-line therapy, ruxolitinib remains the preferred
treatment of choice in this setting until more real-world
data evaluating clinical benefit of fedratinib are available.
Patients and clinicians may prefer the metabolic profile of
fedratinib, given that ruxolitinib has been shown to cause
considerable weight gain, while fedratinib has not been
shown to have this effect.*”>* As discussed above, long-
term data are suggestive of significant clinical benefit,
particularly a prolonged PFS, of fedratinib, but these
data are still not robust enough to indicate which JAK
inhibitor is more effective when used as front-line agent.
As the OS benefits of fedratinib are further studied, front-
line therapy choice may shift from ruxolitinib to
fedratinib.

Long-term outcomes of the JAKARTA-2 study were
also recently reported. The median OS was not reached,
and the 18 month survival rate was 67%, which compares
favorably with historically poor outcomes of patients after

ruxolitinib discontinuation, previously observed to have
median OS of 11 months. In addition, median PFS was
13.3 months. Importantly, survival analysis was censored
at the time of full clinical hold.''>' Further outcome
studies are ongoing in patients receiving fedratinib
discontinuation of ruxolitinib (NCTO03755518,
NCT03952039). Importantly, the ability to accurately eval-
uate effect on overall survival in long-term follow-up

after

studies was impacted by the clinical hold that was placed
on fedratinib, which truncated survival follow-up. The
ongoing FREEDOM trials, discussed below, will help
further evaluate survival outcomes of those treated with
fedratinib in subjects previously treated with ruxolitinib
(Table 3).

When choosing between JAK inhibitor options, it is
important to note that while the recommended dose of
ruxolitinib is adjusted for platelet counts less than
200x10%/L, and further dose reductions are recommended
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for platelet counts <100x10°/L, this is not the case for
fedratinib. In a post-hoc analysis of the JAKARTA and
JAKARTA-2 trials, the safety and efficacy of 400 mg
fedratinib was evaluated in patients with platelets
>50x10°/L and <100x10°/L. In those with baseline platelet
count <100x10°/L, the SVRjso, rate was significantly
higher in the fedratinib group than that in the placebo
group (36% versus 0%). Additionally, the proportion of
patients achieving TSSsq, was significantly higher in the
treatment group than the placebo arm, 35% and 0%,
respectively. Across all patients in both JAKARTA and
JAKARTA-2 trials, thrombocytopenia led to drug discon-
tinuation in only 1 patient with baseline platelet count
<100x10°/L.>* These data suggest that the recommended
dose of 400 mg/day dose in patients with thrombocytope-
nia 50-100x10°/L has similar safety and efficacy profiles
in those with platelet counts >100x10°/L. If platelet counts
drop below <50x10%/L, discontinuation of fedratinib is
recommended until platelets rise above this threshold,
and resumption at 100 mg below prior daily dose is stan-
dard protocol. In patients who develop new transfusion
dependence, it is recommended to consider a dose reduc-
tion by 100 mg below prior daily dose.*” Importantly,
neither fedratinib nor ruxolitinib are recommended for
patients with baseline platelet counts <50x10%/L, which
remains an area of significant unmet clinical need.

Limitations
Fedratinib has
effective second-line option for MF and has changed the

undoubtedly created a long-needed,
treatment algorithm for MF (Figure 2); however, the
updated treatment armamentarium still leaves several
important unmet needs. While fedratinib has produced
clinically meaningful reduction in spleen size and symp-
tom burden, like ruxolitinib, fedratinib has not been shown
to be curative. In a pre-clinical MPN murine model, leth-
ally irradiated mice received a bone marrow transplant
from donor mice treated with fedratinib and developed
an MPN phenotype similar to that seen in the primary
donor mice, suggesting that fedratinib does not eradicate
MPN-propagating stem cells.>® Further, it remains unclear
how fedratinib impacts disease course in patients. Animal
models have demonstrated that mice treated with fedrati-
nib have decreased JAK2V617F allele burden, but this
remains a debated and unclear topic with conflicting data

37,39,53

presented in humans, as discussed above.

Additionally, while trial data are very promising for SVR
and symptom burden improvement, we do not have real-

world efficacy data, which are often significantly less
impressive than clinical trial data.

Further limitations of fedratinib include its toxicity
profile. More than 20% of patients in the JAKARTA trial
developed GI toxicity including diarrhea, nausea, or
vomiting.'* While this did not lead to frequent dose adjust-
ment or discontinuation in this late-phase trial, this may
impact compliance or preference for another treatment
option in routine clinical practice. Additionally, treatment
of disease-related cytopenias in patients receiving fedrati-
nib is difficult given the frequent hematologic complica-
tions of JAK2 inhibition, anemia, and thrombocytopenia.
Like ruxolitinib, fedratinib does not improve disease-
related cytopenias. It is possible that a combination of
fedratinib with agents that address disease-related anemia
(eg, danazol, lenalidomide, or luspatercept) might be
a future therapeutic option, although this has not been
formally explored to date. However, there are ongoing
clinical trials that will elucidate the best way to manage
MF-related anemia
(NCT03755518).

in patients receiving fedratinib

Future Clinical Trials of Fedratinib
in MF

The ongoing FREEDOM-1 trial is a single-arm, open-label
safety and efficacy trial in patients with DIPSS intermedi-
ate or high-risk primary or secondary MF who have been
previously treated with ruxolitinib. This trial will expand
our understanding of safety and efficacy in this patient
population. Additionally, this study will include a sub-
study in subjects with anemia, combining fedratinib plus
luspatercept to evaluate the safety and tolerability of the
combination (NCT03755518). The ongoing FREEDOM-2
is a phase 3b, randomized study evaluating fedratinib
versus BAT in subjects with intermediate or high-risk
primary or secondary MF who have been previously trea-
ted with ruxolitinib for at least 3 months with relapsed or
refractory disease, or more than 28 days with intolerance
to ruxolitinib (NCT03952039). These trials
patients with DIPSS intermediate-1 risk MF, while the
pivotal JAKARTA trial did not include this risk cohort.
These trials will help further clarify the safety and efficacy

include

of fedratinib in relapsed/refractory/intolerant disease.
Furthermore, the FREEDOM-1 trial will help us better
understand the safety of managing disease-related anemia

with luspatercept when treating patients with fedratinib.
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Further studies are needed to guide clinicians in their
treatment choices for patients with MF. As previously
mentioned, head-to-head comparison of fedratinib and
ruxolitinib in the upfront setting is not available and is
unlikely to ever be performed. Recent data suggest that
patients who have developed intolerance or relapse on
ruxolitinib may benefit from a washout period, followed
by re-introduction of ruxolitinib.>*>> Reintroduction of
ruxolitinib in those who have relapsed or developed intol-
erance versus treatment with fedratinib has also not been
studied. Additionally, there are no data to suggest a safe
protocol for transitioning from ruxolitinib to fedratinib.
Our current practice is to taper ruxolitinib over 5 days
and start 400 mg fedratinib on day 3 of the taper, therefore
overlapping therapy for 3 days. This is not guideline- or
data-driven.

With the development and introduction of novel thera-
pies, clinical questions regarding optimal treatment para-
digms will continue to arise. Several novel therapies in the
pipeline are being evaluated as add-on therapies to ruxoli-
tinib in patients with MF. Parsaclisib (NCT04551053),
navitoclax (NCT04472598), KRT-232 (NCT04485260),
and pelabresib (NCT02158858) are all in clinical-stage
development and being evaluated in combination with
ruxolitinib. Further studies will need to be conducted to
evaluate how fedratinib performs in patients who have
relapsed after these combination regimens. Additionally,
it is unclear how the lack of JAK1 inhibition with fedra-
tinib impacts the disease biology and clinical durability of
response. Similarly, the impact of FLT3 inhibition of MF
disease biology is poorly understood. Finally, predictors of
response, including molecular and cytogenetic factors,
remain unknown. Further studies, hopefully in the real-
world setting, will be needed to advance our understanding
of this important agent for the treatment of MF.

Future of MF Therapy

Beyond fedratinib and ruxolitinib, several other therapies
are in late-stage development, both as monotherapies and
in combination with ruxolitinib, as noted above. Other
JAK inhibitors that have shown promise include momelo-
tinib and pacritinib. Momelotinib is a JAK1/2 and ACVR1
inhibitor being studied in the MOMENTUM trial, which is
particularly well suited for patients with disease-related
anemia (NCT04173494). Pacritinib is primarily an equi-
potent JAK2/FLT3/IRAKI1 inhibitor that is being studied
in the phase 3 PACIFICA trial in patients with platelet
count <50x10%/L (NCT03165734).

In addition to JAK inhibitors, several other novel tar-
geted therapies have shown promising data and are being
developed in the JAK inhibitor-naive setting and in
patients previously treated with ruxolitinib. Targeted thera-
pies that have reached late-phase development include
BCL2 (navitoclax), PI3K (parsaclisib), telomerase (imetel-
stat), BET and MDM2 (KRT-232)
inhibitors.”’® With each approval, the landscape and treat-

(pelabresib),

ment paradigms for MF will rapidly shift.

While the mainstay of treatment for many hematolo-
gic malignancies are combination regimens, there are
currently no approved combination therapies approved
for MF. Thus far in MF therapeutic development, combi-
nation therapies have been limited by the number of
approved therapies that function in a single pathway. As
discussed, there are several ongoing trials evaluating
ruxolitinib in combination with novel therapies
(NCT03222609, NCT03194542, NCT02158858). If
these studies show promising data, combination therapies
will likely become the standard of care for treatment of
MPNs. Fedratinib will need to be further studied in com-
bination with already-approved therapies such as luspa-
tercept to manage disease-related anemia, as well as with
novel targeted therapies to better control disease. As
more drugs and combination regimens are developed
and approved, we hope to study and understand more
about predictors of response to each therapy target,
which will further guide our treatment sequencing and
determine the optimal treatment for patients with MF.

Conclusions

With the profound clinical benefit demonstrated in pivotal
trials, fedratinib is an exciting development and therapeu-
tic option for patients with intermediate-2 or high-risk MF
in both the upfront setting and in those previously treated
with ruxolitinib. Information on the performance of fedra-
tinib outside of the carefully controlled clinical trial setting
is needed to confirm the value of this agent. Currently, this
agent is the only commercially available targeted therapy
for MF patients who have discontinued ruxolitinib. With
the introduction of novel therapies, especially those with
targets outside the JAK/STAT pathway, the role of fedra-
tinib in the MF treatment paradigm is less certain. For
now, we look forward to results of ongoing and future
clinical trials, as well as long-term real-world data, that
will further inform the use of fedratinib for the treatment
of MF.
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