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Abstract

Myelofibrosis (MF)-associated anemia and transfusion dependency are associated with infe-
rior quality of life and poor prognosis. JAK2 inhibitors and TGF-f superfamily ligand traps are
being explored as treatment options for MF-associated anemia. Here, we present the case of
a 66-year-old man with heavily pretreated intermediate-2 (INT-2) risk primary MF who had an
exceptional response to combination fedratinib and luspatercept therapy. He achieved trans-
fusion independence and experienced a reduction in spleen size from 20 cm to 12 cm, with
remarkable improvement in performance status. Compared with other JAK inhibitors, the
mechanism of action of fedratinib may explain its milder effect on anemia. It is possible that
the addition of luspatercept may result in an additive or synergistic effect of one or both
medications. Although the exact biological pathways have not yet been elucidated, combina-
tion fedratinib and luspatercept nevertheless is a promising therapy for anemia in patients
with transfusion-dependent INT-2 risk MF.
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Introduction

Myelofibrosis (MF) is a BCR-ABL1 -negative myeloproliferative neoplasm that is often
accompanied by JAK2, CALR, or MPL mutations. The disease manifests clinically as anemia,
hepatosplenomegaly, cachexia, and constitutional symptoms such as fatigue, night sweats,
and fever [1]. It can occur de novo (primary MF [PMF]) or secondary to polycythemia vera or
essential thrombocythemia (secondary MF) [2]. Treatment decisions are based upon symptom
burden and risk stratification using variations of the International Prognostic Scoring System
(IPSS) rather than disease subtype or molecular profile [3, 4]. Observation alone is typically
recommended for low-risk disease. Unfortunately, for intermediate or high-risk MF, there is
no therapy which has been clearly proven to have a disease-modifying effect and allogeneic
stem cell transplantation remains the only curative therapy in those eligible patients who have
high- or intermediate-2 (INT-2) risk disease [5]. The major therapeutic challenge for patients
with intermediate to high-risk MF is to improve anemia, decrease the need for supportive
packed red blood cell transfusions, mitigate toxicity of iron overload, and ultimately, to enhance
quality of life. We describe the case of an elderly patient with heavily pretreated INT-2 PMF
and transfusion dependence who achieved a durable, effective response with the combination
of fedratinib and luspatercept.

Case Report/Case Presentation

The patient is a 66-year-old man who initially presented 8 years ago with splenomegaly
and bicytopenia (hemoglobin [Hb] 10.3 g/dL, platelet count 128 K/uL). White blood cell
count was normal at 7.52 K/uL. Peripheral smear showed the presence of teardrop cells,
nucleated red cells, and rare blasts. There was no palpable lymphadenopathy on physical exam;
however, the spleen was palpable at 12 cm below the costal margin. A computed tomography
scan of the abdomen revealed a markedly enlarged spleen measuring 23 cm in length. Given
the presence of asymptomatic bicytopenia and splenomegaly, a bone marrow aspiration and
biopsy were performed due to clinical suspicion for a primary hematological neoplasm. The
bone marrow biopsy showed a hypercellular bone marrow with marked reticulin fibrosis
(3+), trilineage maturation with blood leukoerythroblastosis (shown in Fig. 1). These findings
were consistent with a diagnosis of PMF in fibrotic stage. Molecular studies revealed the
presence of JAK2 V617F mutation by polymerase chain reaction testing. Fluorescent in situ
hybridization testing revealed no evidence of deletion 5q. Risk stratification was completed
utilizing the IPSS, and the patient’s disease was deemed low-risk (0 points). As the patient
was asymptomatic at the time, the decision was to implement observation.

Over the subsequent 3 years after initial presentation, the patient was being monitored
periodically through office visits and laboratory evaluation. He was noted to have gradual
worsening of anemia which prompted a repeat bone marrow aspiration and biopsy. It showed
stable hypercellularity and reticulin fibrosis without increased myeloid blasts. Cytogenetic
analysis revealed the presence of deletion in the long arm of chromosome 20 in 80.2% inter-
phasenuclei by fluorescentin situ hybridization analysis. Risk stratification using the Dynamic
IPSS-Plus placed the patient’s disease in the INT-2 risk group [6]. The decision at the time was
to initiate ruxolitinib. He initially had a 50% reduction in splenomegaly; however, he experi-
enced worsening anemia requiring transfusion dependence, which led to dose reductions
with ensuant recurrent splenomegaly to 20 cm on imaging. The option of bone marrow trans-
plantation was discussed but deferred by the patient.

The patient was then enrolled in a phase 11l clinical trial evaluating pacritinib in patients
with PMF (NCT03165734). This resulted in stabilization of the patient’s splenomegaly without
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Fig. 1. Initial bone marrow biopsy and corresponding blood smear. a The biopsy shows 100% cellular marrow
with trilineage hematopoiesis. Megakaryocytes are increased in concentration and clustered, with occasional
forms abnormally located adjacent to the bone or showing increased number of nuclei or nuclear hypolobation
(a, inset). b Reticulin staining shows MF-2 fibrosis, with patchy sparing. ¢ The blood smear shows moderate
anisopoikilocytosis with teardrops, rare nucleated RBCs, and occasional dysplastic neutrophils with hypo-
granular cytoplasm.

improvement in transfusion requirements. The drug was well tolerated; however, he was
ultimately taken off study. The patient’s transfusion requirement worsened thereafter. Next-
generation sequencing on peripheral blood showed JAK2 as the sole molecular derangement.
He required four units of packed red blood cell in the 2 months after being taken off trial and
so was started on darbepoetin alfa. Baseline erythropoietin level was 50.9 U/L. Transfusion
requirements did not improve with the use of erythrocyte stimulating agents. He also developed
symptomatic splenomegaly, with imaging revealing a spleen size of 26 cm.

Given the FDA-approval of fedratinib in subsequent months, the patient was started on
fedratinib 300 mg daily due to thrombocytopenia, anemia, and renal function, while continuing
darbepoetin alfa bimonthly. This dose was well tolerated and 2 months later, was increased
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Fig. 2. Hb trend from addition of fedratinib and luspatercept to present day.

to 400 mg daily. Periodic thiamine measurements were all normal, and no adverse events
were experienced. Repeat imaging showed a 54% reduction in the spleen size from 26 cm to
12 cm. Despite this improvement, the patient continued to be transfusion dependent. Four
months after the initiation of fedratinib, subcutaneous luspatercept 1 mg/kg every 2 weeks
was added to the patient’s therapy. Remarkably, the patient became transfusion independent
after the first dose of luspatercept with his Hb gradually improving from a baseline of 6.0 g/dL
to 8.9 g/dL 18 days after the first dose of luspatercept. Timeline of Hb trend is shown in Figure 2.
The patient also reported improvement in his appetite and had gained weight.

After 4 months of receiving luspatercept at its lowest dose and continuing fedratinib, the
patient’s Hb stabilized around 11.5 g/dL and luspatercept was intermittently held throughout
this period due to a Hb above 11.5 g/dL (highest 12.3 g/dL). He continues to be on fedratinib
400 mg daily without the need for luspatercept and remains transfusion independent 13
months since the initiation of luspatercept. The patient has had significant improvement in
his performance status and is now back to working full time.

Discussion

Here, we present the case of a patient with PMF who had an exceptional response to
combination fedratinib and luspatercept. As most JAK inhibitors are associated with the
development of anemia, we believe that this combination is a viable option for patients with
MF. Based upon the revised International Working Group-Myeloproliferative Neoplasms
Research and Treatment criteria [7], our patient met criteria for both anemia response
(becomingtransfusion-dependentto transfusion-independent) in addition to spleenresponse
(computed tomography showing 235% spleen volume reduction) with this regimen. He fulfilled
the International Working Group-Myeloproliferative Neoplasms Research and Treatment
and European LeukemiaNet (ELN) peripheral blood criteria for partial remission (Hb > 10 g/dL
and < upper normal limit; absolute neutrophil count >1,000/mm?3; platelet count > 100 K,
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immature cells <2%). No bone marrow biopsy samplingis available to determine if the patient
has achieved a complete response.

In 2019, the FDA approved fedratinib for use in adults with INT-2 or high-risk PMF who
are either treatment-naive, resistant, or intolerant to ruxolitinib [8]. Fedratinib is a JAK2
selective inhibitor which showed significant symptom improvement and reduction in spleen
size in the placebo-controlled, randomized phase Il and III clinical trials, JAKARTA-1, and
JAKARTA-2 [9, 10]. In both studies, permanent discontinuation of fedratinib due to cytopenias
was infrequent (about 2-3% of patients), suggesting milder suppression of hematopoiesis and
an improved tolerability profile.

There are several mechanisms which may explain fedratinib’s milder effect on anemia. It
is thought that anemia in patients with MF is driven in part by excess production of hepcidin,
a peptide hormone produced by hepatocytes which serve as a key regulatory of iron homeo-
stasis [11]. Hepcidin reduces duodenal iron absorption and increases iron sequestration in
monocytes and macrophages. Excess levels also reduce iron availability and restrict erythro-
poiesis [12]. Inflammation increases synthesis of hepcidin through activating the JAK2-STAT
pathway [13]. Hepatic hepcidin production also occurs in response to aberrant cytokine-
driven signaling via activin receptor type 1, a member of the transforming growth factor-f3
(TGF-B1) superfamily of receptors [14]. Fedratinib has dual activity in inhibiting both JAK2/
STATS3 signaling and TGF-1/Smad and non-Smad pathways, and this dual pathway inhi-
bition leads to decreased hepcidin production in patients with MF [15, 16]. Additionally, inhi-
bition of SMAD signaling enables erythroid maturation by means of late-stage erythroblast
differentiation thereby improving anemia. Fedratinib has also been shown to exert off-target
inhibitory activity against bromodomain-containing protein 4 [4]. The combination of JAK/
STAT and bromodomain-containing protein 4 inhibition has been shown in animal models to
synergistically block inflammatory cytokine production, attenuating disease burden and
fibrosis in patients with MF and further reducing production of hepcidin [17].

While JAK2 inhibitors in PMF can lead to improved outcomes in splenomegaly and
symptom burden, it may also worsen anemia, as previously noted. In patients who are trans-
fusion independent and have low serum erythropoietin (<125 U/L), erythroid stimulating
agents can be used however less than half of patients will respond and for the patients who
do respond, the effect is not durable [18].

Luspatercept is a recombinant fusion protein which binds select TGF-beta superfamily
ligands and blocks the Smad2/3 signaling pathway to enhance late-stage erythropoiesis [19, 20].
Inthe MEDALIST trial [21], use of this agent led 38-53% of patients with low-risk myelodysplastic
syndromes and who were transfusion dependent and either refractory or intolerant to erythro-
poiesis-stimulating to achieve transfusion independence with improvement in erythrocyte count.
TGF-B1 ligand traps such as luspatercept and sotatercept have only recently started to gain use in
PMF.In 2020, Bose et al. [22] published results from a phase II, single-institution study evaluating
effects of sotatercept on patients with PMF or myeloproliferative neoplasm-associated MF who
were anemic or transfusion dependent. They found a response rate of 29% when used as mono-
therapy or in conjunction with ruxolitinib. Data have been limited to patients who have secondary
MF, and there exist little data on the effect of these agents in patients with PMF.

[t remains unclear whether the patient’s sudden response was solely a result of intro-
ducing luspatercept or if the addition of luspatercept to a JAK inhibitor resulted in an additive
or synergistic effect of one or both medications. Additionally, next-generation sequencing
continued to show JAKZ as the sole molecular abnormality. This may in part explain the
favorable outcome that our patient has had. While the combination of fedratinib and luspa-
tercept was successful for our patient in controlling symptoms, helped him to achieve trans-
fusion-independence and improve his quality of life, there is no evidence for whether these
two agents used in conjunction have any influence over disease progression and survival.
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Notably, our patient had a durable response to luspatercept; he continues to be transfusion-
independent for approximately 13 months. Randomized trials are needed to confirm if this
observation can be seen in other patients.

Conclusion

MF-related anemia poses a challenge in the management of PMF. It has been associated with
inferior quality of life and poor prognosis. There is an unmet need for effective treatment that led
to achieving transfusion-independence. We present the case of a 66-year-old man with Dynamic
IPSS-Plus INT-2 PMF who achieved transfusion-independence with the use of combination fedra-
tinib and luspatercept. There are several ongoing clinical trials assessing ruxolitinib and JAK2
inhibitor-based combination therapy for the treatment of PMF [23]. In particular, the combination
of fedratinib and luspatercept is a potentially promising therapy for anemia and reduction
of symptom burden in patients with transfusion-dependent INT-2 MF. Currently, there are three
clinical trials aiming to evaluate the safety and efficacy of luspatercept used either as monotherapy
(NCT03194542) or in combination with a JAK2 inhibitor (NCT04717414 and NCT03755518) for
the treatment of MF-associated anemia. We eagerly await the results of these ongoing trials.
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