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Abstract

Ruxolitinib (INCB018424) is the first potent, selective, oral inhibitor of JAK1 and 2 being 

developed for clinical use. Its major cellular and systemic effects are proliferation inhibition, 

apoptosis induction and reduction in cytokine plasma levels, all mediated by the drug's inhibition 

of JAKs' ability to phosphorylate STAT. In initial clinical trials of its use in myelofibrosis, 

ruxolitinib exhibited durable efficacy in reduction of splenomegaly and alleviation of 

constitutional symptoms. Patients also showed weight gain and improvement in general physical 

condition. The dose-limiting toxicity was thrombocytopenia. In preliminary findings of a Phase III 

trial in patients with primary, postpolycythemia-vera, or postessential- thrombocythemia 

myelofibrosis, administration at an initial dosage of 15 or 20 mg twice daily led to a spleen-

volume response rate (≥35% reduction at 24 weeks) of 41.9 versus 0.7% for placebo (p < 0.0001); 

furthermore, 45.9% of the ruxolitinib recipients had ≥50% improvement in symptom score (on the 

modified Myelofibrosis Symptom Assessment Form version 2.0) versus 5.3% for placebo (p < 

0.0001). Ruxolitinib recipients also showed improvement in parameters of quality of life.
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The incidence of primary myelofibrosis (PMF) ranges from 0.3 to 1.5 per 100,000 [1–6], 

and studies [7–13] show that by the end of the second decade after diagnosis, up to 30% of 

patients with either polycythemia vera (PV) or essential thrombocythemia (ET) develop 

transformation to secondary myelofibrosis (MF).

Lots of efforts have been made to elucidate the biomolecular pathophysiology underlying 

MF in all these forms and JAKs became the focus of research in the second half of the last 

decade. JAKs play critical roles in several important intracellular signaling pathways, 

including the JAK-signal transducer and activator of transcription (STAT) pathway triggered 

by cytokine and growth-factor receptors [14,15]. To date, four members of the JAK family 
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have been identified: JAK1, JAK2, JAK3 and nonreceptor tyrosine kinase 2 (TYK2). Since 

the gain-of- function JAK2V617F mutation is found only in approximately 50% of MF 

patients, this mutation is not inherently necessary for MF development, but when present, it 

plays an important role in the molecular pathogenesis of MF. Some of the clinical features of 

the disease, such as anemia, splenomegaly, and also the risk of transformation to acute 

myeloid leukemia (AML), may be related to JAK2V617F mutational status or to the relative 

level of JAK2V617F - positive DNA compared with total JAK2 DNA (JAKV617F allele 

burden) [16–18]. In peripheral blood mononuclear cells of patients with MF, hyperactivation 

of JAK1 is also found and could be a consequence of high levels of circulating inflammatory 

cytokines [19]. An MPL515 mutation of the thrombopoietin receptor has the same 

consequences and it is found in 5% of MF patients [20,21]. Other mutations that can activate 

JAK2, such as LNK [22] and CBL [23], have been observed in some MF. Even without 

identified mutations, JAK2 activation has been demonstrated in the majority of MF patients.

The main debilitating factors in MF are severe splenomegaly, leukocytosis and 

thrombocytemia with predisposition to thrombotic events, as well as cytopenias and high 

levels of proinflammatory cytokines. In the majority of MF patients these are usually 

accompanied with constitutional symptoms such as fatigue, weight loss, low-grade fever and 

night sweats. To date, only allogeneic hematopoietic stem cell transplantation (allo-HSCT) 

is considered potentially curative in MF. However, because of high transplant-related 

mortality, as seen even with use of reduced-intensity conditioning, allo-HSCT is currently 

appropriate only for a small subset of patients (i.e., younger, sufficiently healthy patients 

with high-risk MF and for whom a suitable donor is available) [24]. Other treatment options 

are utilizied mainly to alleviate organomegaly and to achieve some level of control of 

leukocytosis or thrombocytosis (i.e., hydroxyurea, also known as hydroxycarbamide) and 

cytopenia (i.e., lenalidomide or low-dose thalidomide and prednisone). For patients with 

drug-refractory splenomegaly, splenectomy remains an option. However, procedure-related 

mortality remains approximately 9% [25]. Another possibility is spleen irradiation; however, 

if spleen size reduction is achieved, the effect is usually transient [26]. Palliation of 

constitutional symptoms remains challenging [27,28].

Overview of the market

Since the initial reports of JAK2V617F mutation in myeloproliferative neoplasms (MPNs) 

[29–32], several pharmaceutical companies have developed compounds with inhibitory 

properties against JAK family members. Four such drugs – ruxolitinib, TG101348, 

lestaurtinib and XL019 – were first tested in patients with intermediate or high-risk PMF or 

post-PV/ post-ET MF [33]. Other JAK inhibitors, such as SB1518, CYT387 and AZD148, 

are in development [34–36]. None have been marketed yet, but among them, ruxolitinib has 

advanced the farthest in its clinical development.

Ruxolitinib (INCB018424)

Ruxolitinib (formerly known as INCB018424) is a JAK1 and JAK2 inhibitor developed by 

Incyte Corporation (Wilmington, DE, USA). It is the first potent, selective, oral JAK1/JAK2 

inhibitor being developed for clinical use. Incyte has the rights to its development and 
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commercialization in the USA, while Novartis AG (Switzerland) has acquired these rights 

for territories outside the USA [101,102].

Chemistry

Ruxolitinib ([3R]-3-cyclopentyl-3-[4-(7H- pyrrolo[2,3-d]pyrimidin-4-yl)-1H-pyrazol-1-yl]-

propanenitrile) is an orally bioavailable cyclopentylpropionitrile derivative (Figure 1) that 

acts as an ATP-competitive inhibitor primarily against JAK1 and JAK2 [19,37]. In MF, its 

mechanism of action appears to be modulation of cytokine function, as achieved by 

inhibition of the JAK1/2-mediated downstream pathways [38].

Pharmacodynamics & preclinical studies

In preclinical studies, and specifically in `naked' kinase in vitro assay systems, ruxolitinib 

demonstrated inhibitory effects against JAK1 and JAK2 (with a half-maximal inhibitory 

concentration [IC50] of 3.3 and 2.8 nM, respectively), moderate inhibitory activity against 

TYK2 (with an IC50 of 19 nM), and minimal inhibitory activity against JAK3 (with an IC50 

of 428 nM) or multiple other kinases [19,37]. In peripheral blood mononuclear cells, it 

inhibited the ability of IL-6 to induce STAT3 phosphorylation and the production of 

monocyte chemoattractant protein-1 [39]. It also inhibited the proliferation of factor-

dependent cell progenitor (FDCP) cells and cells of the pro-B-cell Ba/F3 line expressing 

JAK2V617F (with an IC50 of 100–130 nM, the latter values seen in the context of whole-cell 

assays). The effect was absent in cell lines expressing activating mutations in the oncogene 

products BCR-ABL or c-Kit (IC50 >25 and >4 ∝M, respectively).

JAK2, following activation by erythropoietin, thrombopoietin and interleukin receptors, 

activates downstream pathways that control erythroid, myeloid and megakaryocytic 

development [40,41]. Ruxolitinib inhibits both mutant and wild-type JAK2. Correlation 

between inhibited cell proliferation and reduced intracellular levels of phosphorylated JAK2 

and STAT5 in the Ba/F3 cell model was highly suggestive evidence that such inhibition 

might be a pharmacological mechanism of ruxolitinib. Indeed, ruxolitinib showed higher 

antiproliferative potency in cells from JAK2V617F - positive PV patients cultured in the 

absence of cytokine support (with an IC50 of 67 nM) than in cells from healthy donors (IC50 

>400 nM) [42]. Moreover, the potency of ruxolitinib in Ba/F3 cells shifted more than 

fivefold when their wild- type endogenous JAKs were activated by the addition of IL-3 [42]. 

Ruxolitinib also inhibited the proliferation of erythroid progenitors sampled from PV 

patients and expanded ex vivo in serum-free media (IC50 of 60 nM) [42].

In a Ba/F3-EpoR-JAK2V617F cell line (exhibiting growth factor-independent JAK2 

phosphorylation, engineered through expression of the erythropoietin receptor, EpoR), 

treatment with ruxolitinib resulted in a dose-dependent doubling of cells with depolarized 

mitochondria, suggesting that in this cell line, induction of apoptosis is an important basis of 

ruxolitinib effect [19]. In a mouse model of MPN involving implanted Ba/F3 cells 

expressing JAK2V617F, oral administration of ruxolitinib was well tolerated and markedly 

reduced the animals' splenomegaly [42]. In this model, selective JAK inhibition was found to 

eliminate neoplastic cells from the spleen, liver and bone marrow, normalize the histology of 
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affected organs, and significantly prolong survival [42]. Measurement of the levels of IL-6 

and TNF-α in plasma samples from mice inoculated with vehicle or ruxolitinib for 12 days 

showed significant suppression of IL-6 elevation and reduction of TNF-α levels to normal. 

Preclinical studies also showed that selective inhibition of JAK1/2 by ruxolitinib reduces the 

tumor burden of mice inoculated with JAK2V617F-expressing cells without causing anemia 

or lymphopenia [19].

Pharmacokinetics & metabolism

In healthy subjects receiving a single oral dose of ruxolitinib 25 mg, the plasma 

concentration profile of ruxolitinib showed a rapid absorption phase, attaining peak 

concentrations within 1 h after administration, and a monophasic or biphasic decline, with a 

mean observed terminal half-life of 2.32 h [43]. In patients with MF, absorption of 10–25 

mg oral dose likewise was rapid, with a peak plasma concentration at 1–3 h after dosing, and 

decline was biphasic, with a terminal half-life of 2–3 h [103]. Drug exposure increased in a 

linear fashion with dosage, and did not show a plateau at doses of up to 200-mg once daily. 

More than 95% of administered drug was absorbed, and >99% of an administered dose was 

metabolized, predominantly in the liver [43]. Patients with impaired hepatic function may 

therefore require lengthened dosing intervals or lower total daily doses [44]. In 10-day 

multiple-dose studies in healthy volunteers, metabolite profiles were qualitatively and 

quantitatively similar on days 1 and 10, with no apparent accumulation of ruxolitinib or its 

metabolites [43].

The main route of metabolite excretion is in urine, with only a small percentage excreted in 

feces [43]. In patients with severe renal impairment (creatinine clearance <30 ml/min), 

ruxolitinib should therefore be administered with caution, and doses may need to be reduced 

to avoid adverse drug reactions. The same precautions should apply in patients with end- 

stage renal disease, as suggested by findings of minimal ruxolitinib clearance and high 

binding to plasma proteins in hemodialysis patients [45]. However, no correlation has been 

established between renal function and systemic exposure to ruxolitinib. Although 

ruxolitinib is a substrate of cytochrome P450 CYP(3A4), there has been no evidence of 

inhibition or induction of CYP enzymes [42], and no significant changes in ruxolitinib 

pharmacokinetics have been shown for its coadministration with P450 CYP(3A4) inducers 

(e.g., rifampin) [46] or with mild or moderate CYP(3A4) inhibitors (e.g., erythromycin) 

[47]. Nonetheless, in healthy subjects receiving ketoconazole, a strong CYP(3A4) inhibitor, 

at 200-mg twice daily for 4 days, the area under the curve of ruxolitinib increased by 91% 

and the drug's half-life was prolonged from 3.7 to 6.0 h [48]. It is possible that similar 

effects could be observed for other strong CYP(3A4) inhibitors (such as, but not limited to, 

itraconazole, posaconazole, voriconazole, clarithromycin, telithromycin, atazanavir, 

indinavir, nelfinavir, ritonavir, saquinavir and nefazodone). In healthy volunteers, 

administration with a high-fat meal reduced the maximum plasma concentration of a 25-mg 

dose of ruxolitinib by 24% but had little effect on its bioavailability, as measured by AUC 

[49]. The drug showed high plasma protein binding, at approximately 97%, and a relatively 

small volume of distribution, driving its short elimination half-life.
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Safety & tolerability

In a pharmacokinetics/pharmacodynamics study of healthy persons dosed orally for 10 days, 

ruxolitinib was generally safe and well tolerated, with 25-mg twice daily and 100-mg once 

daily established as the maximum-tolerated dose (MTD) in these volunteers [49]. Grade 4 

neutropenia with 12-day recovery occurred in one participant treated with 25-mg twice 

daily, suggesting myelosuppression at this dosage. During a median of more than 14.7 

months of ruxolitinib therapy in a Phase I/II clinical trial, nonhematologic toxic effects 

considered to be at least possibly related to therapy occurred in less than 10% of 153 MF 

patients, and most were low grade (Table 1) [37]. The nonhematologic high grade (grade 3 

or 4) adverse events were asthenia (2.0%), fatigue (1.3%), anxiety (1.3%), insomnia (1.3%) 

and fever (0.7%).

Among hematological toxicities, myelo- suppression was the most significant, as would be 

expected based on the mechanism of action of ruxolitinib (i.e., JAK1 and JAK2 inhibition). 

As a dose-limiting toxicity, thrombocytopenia occurred in 17 and 5% of patients as grade 3 

and grade 4 adverse events, respectively. The incidence of thrombocytopenia was lower 

among patients who received 15-mg twice daily than among those who received 25-mg 

twice daily (at 3 vs 29%). Of note, patients who received 15-mg twice daily underwent 

subsequent dose increases to 20-mg twice daily (~25% of the total number of patients in this 

study) or 25-mg twice daily (~10% of patients). New-onset anemia occurred in 23% of the 

subgroup of patients who were transfusion-independent at baseline.

A total of two patients (1.3%) with a history of cardiopulmonary disease developed a clinical 

picture assessed by the investigator as systemic inflammatory response syndrome after 

abrupt cessation of ruxolitinib [103]; a systemic inflammatory response syndrome-like 

clinical picture has not been observed in larger clinical trials (described below). Among 

discontinuations considered to be possibly ruxolitinib related, one patient had intracranial 

hemorrhage without thrombocytopenia after 374 days of therapy on 25 mg twice daily and 

died; one patient progressed to chronic myelomonocytic leukemia after 147 days on 25-mg 

twice daily; and two patients developed grade 3 thrombocytopenia after 278 and 57 days on 

50 mg [103]. After more than 25 months, overall survival was 84%. If only deaths during the 

study were considered, survival was 90% [37].

In the randomized, placebo-controlled, double-blinded Phase III Controlled Myelofibrosis 

Study with Oral JAK Inhibitor Treatment (COMFORT)-I clinical trial, the most common 

adverse events of any grade among the 155 MF patients treated with ruxolitinib were 

thrombocytopenia (34.2 vs 9.3% for placebo), anemia (31 vs 13.9%), fatigue (25.2 vs 

33.8%), diarrhea (23.2 vs 21.2%), peripheral edema (18.7 vs 22.5%) and abdominal pain 

(10.3 vs 41.1%) [50]. Anemia and thrombocytopenia each led to the withdrawal of 0.6% of 

ruxolitinib recipients and 0.7% of placebo recipients. At the time of this writing, full safety 

data from the randomized, open-label, Phase III COMFORT-II clinical trial [104], 

comparing the efficacy and safety of ruxolitinib versus best available therapy, were not yet 

available.
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Clinical efficacy

Phase I/II clinical trial of orally administered single-agent ruxolitinib therapy in patients 
with PMF or post-PV/post-ET MF

A total of 153 patients (53.0% with PMF, 31.8% with post-PV MF, and 15.2% with post-ET 

MF, all in advanced stage disease) were enrolled in a Phase I/II interventional open-label 

clinical trial that started in June 2007 [37,103,105]. Their median age was 65 years (range: 

40–84 years), 63% were men, 86% had previously been treated for MF, and 82% were 

JAK2V617F -positive. The median JAKV617F allele burden was 84%. The response criteria 

were those of the International Working Group for Myelofibrosis Research and Treatment 

(IWG-MRT) [51]. A total of 4 weeks of daily oral therapy with ruxolitinib was considered to 

be one cycle.

In the first part of the study (conducted as a Phase I trial), the MTD of ruxolitinib was 

established to be 25-mg twice daily or 100- mg once daily. Thrombocytopenia was the dose-

limiting toxic effect. In the second part of the study (Phase II), other dosing regimens were 

investigated, with the aim of identifying an effective dosing schedule with a reduced 

incidence of thrombocytopenia. All such regimens were scheduled twice daily and below the 

MTD (Table 2).

Starting doses of 15-mg twice daily or 25-mg twice daily were identified as the most 

successful. Clinical improvement, as defined by reduction of palpable splenomegaly by 

≥50% after three cycles, was documented in 52 and 49% of patients who received starting 

doses of 15-mg twice daily and 25-mg twice daily, respectively, and the response was 

maintained after 12 cycles in 73 and 78%, respectively, of these responders. Overall, the 15-

mg twice-daily regimen appeared to be the more advantageous, because reduction in spleen 

size was comparable to that of recipients on the 25-mg twice-daily regime, but with a 

decreased incidence of grade 3 or 4 thrombocytopenia. Results were comparable among 

subgroups based on JAK2V617F mutation status or disease subtype (PMF, post-PV or post-

ET MF). In patients on 15-mg twice daily, MRI studies after six therapy cycles showed a 

median 33% reduction in spleen volume, corresponding to a median 52% reduction in spleen 

length in matched patients. Among six patients with hepatomegaly, the liver volume had 

decreased after six cycles by 14%.

Patients on other ruxolitinib dosing regimens also showed clinical response, but in the course 

of treatment frequently required dose reductions because of thrombocytopenia. The 

exception was patients who received 25-mg once daily, because this group did not show 

clinical improvement to the level seen for other regimens. In the majority of patients, a 

reduction of spleen size was achieved within 2 months (i.e., was rapid). In all 16 and in all 

eight patients for whom data were available at 1.5 and 2 years, respectively, response to the 

drug was maintained.

Among recipients of 15-mg twice daily or 25-mg twice daily, the mean white cell count 

decreased from 29.8 to 16.0 × 109/l and remained stable through 1 year. Among the 17 

patients with initially elevated platelet counts, a mean reduction of these counts from 728 × 

109/l at baseline to 336 × 109/l after 3 months was observed, and in seven out of ten patients 
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with normalized platelet counts, the platelet counts remained normal through 1 year. In the 

25 patients with serial CD34+ cell counts, their mean values decreased from 583 to 398 

cells/mm3 after 3 months. In the 27 patients who underwent 6-min walk tests, the mean 

distance after 1, 3 and 6 months was 34, 57 and 71 m, respectively. Overall, performance 

status improved over time, and these improvements were generally maintained. After two 

cycles of therapy, weight gain was observed, especially among patients in the lowest quartile 

of baseline BMI. Overall, the median weight gain after1 year was 9.4 kg in patients who 

received 15-mg twice daily and 7.1 kg in patients who received 25-mg twice daily.

Among biomolecular parameters associated with disease activity, JAK2V617F allele burden 

was found to be modestly decreased, with a mean maximal suppression of 13% from 

baseline. However, such data were available only for 34 patients. Reduction in plasma levels 

of certain proinflammatory cytokines (e.g., IL-6 and TNF-α) exhibited correlation with 

symptomatic improvements. Furthermore, plasma levels of leptin and erythropoietin 

increased. Constitutively phosphorylated STAT3 and/or STAT5 were observed at baseline, 

regardless of JAKV617F mutational status, and their reduction after treatment with ruxolitinib 

was dose and time dependent.

Phase III trials: COMFORT-I & COMFORT-II

COMFORT-I is an ongoing, randomized, double-blind, multicentric Phase III clinical trial in 

the USA, Canada and Australia, comparing the efficacy and safety of ruxolitinib with those 

of placebo [106]. COMFORT-II is an ongoing, randomized, open-label, multicentric Phase 

III clinical trial in Europe, comparing the efficacy, safety and tolerability of ruxolitinib with 

those of the best available oral and/or parenteral therapies, as selected by the investigator 

[107]. Over 200 patients with PMF, post-PV or post-ET MF are enrolled in each study. In 

both studies, the primary outcome measure is the proportion of patients achieving a ≥35% 

reduction from baseline spleen volume, as assessed by MRI or by CT scanning at 24 weeks 

(COMFORT-I) or 48 weeks (COMFORT-II), while the duration of a ≥35% reduction from 

baseline spleen volume is a secondary outcome.

Preliminary results from COMFORT-I [50] show a statistically significant reduction in 

spleen size in patients treated with ruxolitinib. For the primary end point, the response rate 

was 41.9% among recipients of ruxolitinib at a starting dosage of 15- or 20-mg twice daily 

(depending on baseline platelet count), and then optimized during treatment, compared with 

0.7% for placebo (p < 0.0001). The proportion of patients with ≥50% improvement in total 

symptom score on the modified Myelofibrosis Symptom Assessment Form version 2.0 [52] 

was 45.9 versus 5.3% (p < 0.0001). Ruxolitinib recipients also showed improvement in 

quality of life, as measured by the European Organization for Research and Treatment of 

Cancer Quality of Life Questionnaire (EORTC-QLQ-C30) [53]. After a median 32.2 weeks 

of follow-up, median duration of response (reduction in splenic volume of ≥35%) had not 

been reached. At the time of this writing, efficacy data from the COMFORT-II trial [104] 

were not yet available.
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Other clinical indications

In a Phase II clinical trial in patients with advanced PV or ET refractory or intolerant to 

hydroxyurea, 94% of PV patients and 61% of ET patients who received ruxolitinib achieved 

partial or complete remission [54]. Marked improvement of constitutional symptoms was 

noted. A Phase III clinical trial comparing ruxolitinib and best available therapy in these 

groups of patients (the RESPONSE trial) is ongoing [108]. Patients with other hematological 

malignancies marked by abnormal signaling activity in the JAK–STAT pathway might also 

benefit from ruxolitinib. One ongoing Phase II study is testing its benefit in patients with 

relapsed/refractory AML, acute lymphoblastic leukemia, myelodysplasia, chronic 

myelomonocytic leukemia or blastic-phase or tyrosine-kinase- refractory chronic 

myelogenous leukemia [109]. Another Phase I/II study is testing it in patients with 

refractory or relapsed AML or acute lymphoblastic leukemia [110]. A Phase I study is 

evaluating MTD, toxicity, pharmacokinetics and antitumor activity in children with relapsed 

or refractory solid tumors, leukemias or MPNs [111].

As it has shown capacities to reduce plasma levels of cytokines such as IL-6 and TNF-α[19], 

ruxolitinib has been evaluated in patients with highly active rheumatoid arthritis [33,55]. 

Topically administered ruxolitinib has also been evaluated for mild-to-moderate plaque 

psoriasis. In a 12-week Phase IIb double-blind, randomized, dose-ranging study conducted 

in 200 patients, topical application showed significant clinical activity (at day 84, the total 

lesion score for all dose groups was decreased by more than twofold over vehicle control) 

and was reported as safe and well tolerated [56].

Regulatory

In 2008, the US FDA granted orphan-drug designation to ruxolitinib for the treatment of MF 

[112]. In 2008 and 2009, the EMA of the EU granted it orphan-drug designation for the 

treatment of PMF and post-PV MF or post-ET MF (orphan decision number EU/3/08/572 

and EU/3/09/620) [113]. The same designation was granted for treatment of PV and ET by 

both regulators [112,113].

Conclusion

While several new JAK2 inhibitors are in different stages of development for MPNs, 

ruxolitinib is furthest in development. This new approach to treatment has advantages 

including low toxicity, durable efficacy in reduction of splenomegaly and alleviation of 

constitutional symptoms; these effects are associated with a significant concomitant 

reduction in levels of circulating cytokines. In addition, ruxolitinib promotes weight gain 

and improvement in general physical condition. Although it did not produce substantial 

reduction in JAK2V617F allele burden and is not curative in MF, its positive effects suggest 

that it may have a notable role in the treatment of patients with symptomatic MF and poor 

quality of life. Owing to the still short follow-up of treated patients, its effects on survival, 

thrombotic events and transformation to AML remain to be seen.
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Future perspective

Discovery of JAK2 mutations has dramatically changed the diagnostic approach to patients 

with MPNs. Concurrent with new insight into the pathophysiology of these malignant 

disorders, a new class of drugs, JAK 2 inhibitors, is being developed, with ruxolitinib being 

the first-in-class. Based on achievements in the field of small-molecule drugs, and on 

encouraging findings from clinical trials of ruxolitinib in particular, it seems highly probable 

that JAK2 inhibitors will soon become widely available for treatment of patients with MPNs. 

However, some questions remain to be fully answered in larger numbers of patients, 

including the issue of optimal timing, dosing schedule and duration of treatment in specific 

patient subgroups. For example, patients who are candidates for allogeneic stem cell 

transplantation might benefit from ruxolitinib by gains in overall performance status and 

reduction of splenomegaly, making them more suitable as transplant recipients. 

Combinations of JAK2 inhibitors with other drugs, such as histone deacetylase inhibitors, 

which are capable of reducing JAK2V617F allele burden [50], and are synergistic with JAK2 

inhibitors, at least in vitro [51], also need to be further investigated.
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EXECUTIVE SUMMARY

Mechanism of action

• Ruxolitinib is an ATP-competitive JAK1/2 inhibitor that downregulates 

the JAK-STAT pathway, inhibiting myeloproliferation, inducing 

apoptosis, and reducing numerous cytokine plasma levels. This 

inhibition occurs regardless of JAK2V617F mutational status.

Pharmacokinetic properties

• After oral administration, ruxolitinib shows rapid absorption, with 

more than 95% of the administered dose absorbed. Plasma 

concentration then declines rapidly in a biphasic manner, with a 

terminal half-life of 2–3 h.

• More than 99% of the drug is metabolized, predominantly in the liver, 

with no apparent accumulation of ruxolitinib or its metabolites. 

Excretion is primarily in urine.

Clinical efficacy

• Significant (in up to 52% of patients) and durable (maintained after 12 

cycles in up to 78% of patients) palpable spleen-size reduction by 

>50%, depending on dosing regimen.

• Reduction in platelet (mean reduction from 728 to 336 × 109/l), white 

cell (mean white cell count decrease from 29.8 to 16.0 × 109/l) and 

CD34+ counts in peripheral blood (mean values decreased from 583 to 

398 cells/mm3) after 3 months of treatment.

• Alleviation of constitutional symptoms (e.g., fatigue, weight loss, low-

grade fever and night sweats).

• Improved physical condition and overall performance status.

Safety & tolerability

• The main hematologic adverse event is myelosuppression (i.e., 

thrombocytopenia [dose-limiting and dose-dependent toxicity] and 

new-onset anemia [dose-dependent]).

• Nonhematologic adverse events occur in less than 10% of treated 

patients, and few are high-grade (e.g., asthenia [2.0%], fatigue [1.3%], 

anxiety [1.3%] and insomnia [1.3%]).

• Owing to the possible risk of a systemic inflammatory response-like 

syndrome after abrupt discontinuation of treatment, ruxolitinib should 

be used with caution in patients with a history of serious or active 

severe cardiopulmonary disease.

Drug interactions
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• Coadministration of ruxolitinib with cytochrome P450 CYP(3A4) 

inducers (e.g., rifampin), or with mild or moderate CYP(3A4) 

inhibitors (e.g., erythromycin) did not cause significant changes in 

ruxolitinib pharmacokinetics that would require dose adjustment. 

Nonetheless, ruxolitinib dose reductions are probably necessary when it 

is coadministered with a strong CYP(3A4) inhibitor (e.g., 

ketoconazole).

Dosage & administration

• Regimens of ruxolitinib 15-mg twice daily or 25-mg twice daily per os 
were identified by a Phase II trial as the most appropriate.

• Patients with impaired liver function may require longer dosing 

intervals.

• In patients with severe renal impairment or end-stage renal disease, 

ruxolitinib should be administered with caution.
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Figure 1. Ruxolitinib
As a specific inhibitor of JAK1 and JAK2, the drug targets the ATP- binding pocket of each 

kinase, including the mutated JAK2V617F form.
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Table 1

The most frequent nonhematologic toxic effects of ruxolitinib therapy in a Phase I/II clinical trial.

Nonhematologic toxic effect Occurrence (%)

Diarrhea 5.9

Fatigue 4.3

Headache 3.3

Peripheral edema 2.6

Pain in extremities 2.6

Urinary tract infection 2.6

Dizziness 2.6
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Table 2

Twice daily-scheduled dosing regimens tested in second part of Phase I/II clinical trial.

Tested regimens Dosing schedules Remarks

Dosing regimen 1 (regardless of Plt
†
)

25 mg b.i.d. (induction: two cycles) 
+ 10 mg b.i.d. (maintenance)

Fixed dosing regimen

Dosing regimen 2 (regardless of Plt
†
)

10 mg b.i.d. (three cycles) Possibility of dose escalation in case of suboptimal 
response (assuming toxicity absence)

Dosing regimen 3 (Plt
†
: 100–200 × 

109/l)

Starting dose of 10 mg b.i.d. Possibility of monthly 5 mg b.i.d. increments up to 25 mg 
b.i.d. in patients with inadequate response and acceptable 
toxicity

Dosing regimen 4 (Plt
†
: >200 × 109/l)

Starting dose of 15 mg b.i.d.

b.i.d.: Twice daily.

†
Plt is the baseline platelet count.
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