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Myelofibrosis (MF) is a rare bone marrow cancer that 
develops from genetic mutations in the hematopoietic 
stem cell population.1 Around 50-60% of MF cases have a 
Janus Kinase 2 ( JAK2) mutation, suggesting a correlation 
between the pathogenesis of MF and JAK2 mutants.2 The 
point mutation JAK2V61F, which is a conversion of valine 
to phenylalanine at position 617, is found in most MF 
patients.2 However, the etiology of JAK2 mutations that 
lead to myeloproliferative neoplasms remains unclear.1 These 
neoplasms continue to grow as scar tissue forms in the bone 
marrow. Scarring can disrupt normal blood cell production 
and cause anemia. In its early stages, MF is difficult to detect. 
However, as the bone marrow undergoes fibrosis, patients 
manifest symptoms such as weakness, bone pain, shortness 
of breath, and frequent infections.3 MF is diagnosed by the 
presence of bone marrow fibrosis in bone samples.3 Other 
methods of diagnosing MF include a complete blood count 
and palpating to detect enlargement of the spleen.3 

The following review will discuss the mechanisms behind the 
pathophysiology of MF, current treatments, and promising 
novel treatments targeting the JAK2/STAT pathway. In 
particular, recent studies report that the novel agent pacritinib 
has increased efficacy in treating MF over other therapeutic 
modalities.

JAK2 is a tyrosine kinase that propagates and amplifies signals 
in a cell. It does so by catalyzing the transfer of a phosphate 
group from adenosine triphosphate donors to tyrosine 
residue receivers on proteins.4 JAK2 mutations have been 
implicated in MF and other myeloproliferative neoplasms. 
The most prevalent mutation, JAK2V617F,  causes JAK2 to 
become constitutively active, escaping auto-inhibition and 
causing uncontrolled signal transduction.4,5 The activated 
JAK2 proteins phosphorylate the signal transducer and 
activator of transcription (STAT) proteins.6 Phosphorylation 
activates the STAT proteins, leading to their active transport 
into the nucleus where they enhance the transcription of 
target genes.6

The JAK/STAT pathway responds to growth factors, 
increasing the expression of genes that induce cell growth, 
differentiation, and apoptosis.6 This pathway is constitutively 
inhibited; the target genes are expressed in the cell only 
when the pathway is activated. The dysregulation of this 
pathway by mutations such as JAK2V61F can lead to the 
formation of myeloproliferative tissue, which can later 
become tumorigenic and lead to enlargement of the spleen 
(splenomegaly).6 Neoplasm growth is usually a slow process 
in MF. Consequently, symptoms are not observed by the 
patient until the scar tissue becomes prominent in the region 
and begins affecting blood cell production.

The drug that is currently used to treat MF with splenomegaly 
is ruxolitinib, a potent and selective JAK1/2 inhibitor. By 
inhibiting the JAK/STAT pathway, ruxolitinib downregulates 
target genes that promote cell growth and proliferation. A 
study conducted in 2012 compared the efficacy of ruxolitinib 
treatment for MF to best available treatments, which include 
anti-neoplastic agents and glucocorticoids. To compare 
treatments, they monitored the reduction in spleen size and 
MF-related symptoms.7 Ruxolitinib reduced spleen length 
by 56% on average, whereas the best available treatment 
group demonstrated a 4% increase in length at 48 weeks.7 
The patients in the ruxolitinib group also reported a decrease 
in MF symptoms over time.7 Although ruxolitinib was 
superior to the best available treatment in reducing spleen 
size, both treatments had similar survival rates. Ruxolitinib 
is currently approved by the Food and Drug Administration 
and Health Canada to treat MF, and is the first MF agent to 
be commercially available.8,9 

Another MF treatment is allogeneic hematopoietic cell 
transplantation (HCT).10 This procedure has potential to be 
a long-term solution for MF, with minimal chance of relapse. 
In one study, 36 of 56 MF patients who received allogeneic 
HCT and achieved both engraftment and chimerism 
survived between 0.5 to 11.6 (median, 2.8) years post-
treatment.10  Most of these patients enrolled in this trial after 
conventional treatments proved ineffective.10 The 
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paper noted that infections were implicated in most of 
the non-relapse deaths that occured within 6 months of 
treatment: pneumonia and other infections caused 13 out 
of 20 deaths. Thus, effective infection-prevention strategies 
need to be developed for stem cell transplant treatment. 
Although HCT is associated with risks, researchers believe 
that this avenue shows promise for long-term survival of 
MF patients.

MF is a complex disease. One treatment cannot be used 
as a standardized protocol for cases with varying severity 
and prognostic factors. Therefore, different treatments are 
administered in an orderly fashion to find the most effective 
candidate. 

In 2018, Mascarenhas et al. published a study comparing the 
efficacy of pacritinib, a JAK2 inhibitor, to the best available 
treatments, including ruxolitinib.11 The results indicated 
that pacritinib is more effective at reducing spleen length 
and the total symptom score in MF patients.  Furthermore, 
the side effects of pacritinib were minimal and did not 
generally cause discomfort. Though these results are 
promising, they may not be generalizable to all MF patients, 
given the small sample size of 33 patients. In a phase 3 
trial, pacritinib was more effective at treating symptoms 
than current MF treatment, but the survival rates were not 
significantly different between groups.12 Moreover, phase 1 
and 2 trials indicated that pacritinib treatment may incur 
lower risk of producing treatment-emergent conditions, 
such as thrombocytopenia and anemia, than other JAK2 
inhibitors.13

Treatment with pacritinib has no associated significant 
cardiac or hematologic treatment-emergent events.13 

Furthermore, this novel treatment may offer increased 
efficacy and decreased side-effects in comparison to 
ruxolitinib in certain patient populations.13 The reduced 
risk of adverse effects could increase patient compliance 
and the likelihood of treatment continuity. 

One common aspect of MF is anemia, which requires the 
patient to undergo red blood cell transfusions.11 The study 
by Mascarenhas et al. indicated that patients treated with 
pacritinib required fewer transfusions than those who 
were treated with ruxolitinib. This decrease in transfusion 
burden is a clinically significant outcome, because anemia 
is the root cause for some other symptoms.11 By mitigating 
the severity of anemia in MF patients, pacritinib may also 
decrease the development of other complications. 

Since MF patients become increasingly susceptible to 
infections as they undergo treatment, further research needs 
to be conducted on infection risk-reduction strategies. The 
weakened immune systems of MF patients undergoing 
treatment prevents a robust response against infectious 
agents, leading to serious adverse outcomes including 
tissue damage and death.14 Pacritinib may also lead to 
adverse immunological changes because it targets the same 

pathway as ruxolitinib, which has been linked to inhibition 
of dendritic cell function and the downregulation of 
regulatory T cells.14 Consequently, serious complications 
can arise, including tuberculosis, an increase in hepatitis 
B titres, and the reactivation of the herpes simplex virus.14 
Thus, it is important to research the effects of pacritinib 
on the immune system to develop preventative measures 
against infections. 

Currently, MF treatments target the JAK/STAT pathway. 
Though this pathway is an important target in treating the 
disease, there are other mechanisms that contribute to MF 
pathophysiology. Peripheral mechanisms contribute to the 
symptomatology of MF, and targeting them could lead 
to better patient outcomes and increased quality of life.14 
However, focusing on treating the cause of the symptom 
can be more effective in improving long-term quality of life, 
than simply finding a short-term solution that alleviates 
the symptoms. Thus, drugs that target the peripheral 
mechanisms behind bone marrow dysmorphia need to be 
developed.14 

It is evident that research focusing on the cause of the 
symptoms and the peripheral pathways of MF is required. 
Pacritinib is only a promising solution for one dysregulated 
pathway in MF. Further research needs to be conducted 
to validate these findings in order for pacritinib to be 
approved by healthcare authorities. The development of 
new and more selective JAK1/2 inhibitors can be a possible 
solution to MF, but in some cases, these inhibitors require 
supplementation with more potent treatments. The use of 
JAK inhibitors to treat MF seems to provide a short-term 
solution to the problem, but tolerance to JAK inhibitors can 
render these drugs less effective. Therefore, it is important 
to create a combined treatment plan that addresses the 
treatment challenges of MF in a systematic way. 

The prevalence of rare blood cancers is increasing in Canada, 
and research into anticancer treatments is rapidly gaining 
importance.3 MF is a debilitating disease that continues 
to affect thousands around the world, and specific JAK 
inhibitors show great promise in battling myeloproliferative 
conditions. The next challenge for researchers is to develop 
sufficient evidence for a treatment protocol for MF that can 
improve prognosis while increasing treatment access.



1. Myelofibrosis facts. Leukemia & Lymphoma Society [Internet]. 2012. Available from: https://www.lls.org/sites/default/files/file_assets/FS14_Myelofibrosis_Fact%20Sheet_Final9.12.pdf [cited 2019 Jan 19].

2. Canadian Cancer Society. Idiopathic myelofibrosis [Internet]. Available from: http://www.cancer.ca/en/cancer-information/cancer-type/leukemia/leukemia/idiopathic-myelofibrosis/?region=on [cited 2019 Jan 19].

3. Reilly J, McMullin M, Beer P, Butt N, Conneally E, Duncombe A, et al. Guideline for the diagnosis and management of myelofibrosis. Br J Haematol. 2012;158(4):453-71. Available from: doi:10.1111/j.1365-
2141.2012.09179.x.

4. Levine R, Wadleigh M, Cools J, Ebert B, Wernig G, Huntly B, et al. Activating mutation in the tyrosine kinase JAK2 in polycythemia vera, essential thrombocythemia, and myeloid metaplasia with myelofibrosis. Cancer Cell. 
2005;7(4):387-397. Available from: doi:10.1016/j.ccr.2005.03.023.

5. McLornan D, Percy M, McMullin MF. JAK2 V617F: A single mutation in the myeloproliferative group of disorders. Ulster Med J. 2006;75(2):112. Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC1891745/ [cited 2019 Feb 12].

6. Lee H, Daver N, Kantarjian H, Verstovsek S, Ravandi F. The role of JAK pathway dysregulation in the pathogenesis and treatment of acute myeloid leukemia. Clin Cancer Res. 2012;19(2):327-35. Available from: 
doi:10.1158/1078-0432.CCR-12-2087.

7. Harrison C, Kiladjian J, Al-Ali H, Gisslinger H, Waltzman R, Stalbovskaya V, et al. JAK inhibition with ruxolitinib versus best available therapy for myelofibrosis. N Engl J Med. 2012;366(9):787-98. Available from: 
doi:10.1056/NEJMoa1110556.

8. Lal A. Primary myelofibrosis treatment & management: Approach considerations, ruxolitinib, other chemotherapeutics [Internet]. 2017. Available from: https://emedicine.medscape.com/article/197954-treatment [cited 
2019 Jan 19]

9. Government of Canada. Summary safety review - Ruxolitinib - Assessing the potential risk of liver injury [Internet]. 2018. Available from: https://www.canada.ca/en/health-canada/services/drugs-health-products/
medeffect-canada/safety-reviews/ruxolitinib-potential-risk-liver-injury.html [cited 2019 Feb 12].

10. Deeg H. Allogeneic hematopoietic stem cell transplantation for myelofibrosis. Blood. 2003;102(12):3912-8. Available from: doi:10.1182/blood-2003-06-1856.

11. Mascarenhas J, Virtgaym E, Stal M, Blacklock H, Gerds A, Mesa R, et al. Outcomes of patients with myelofibrosis treated with compassionate use pacritinib: A sponsor-independent international study. Ann Hematol. 
2018;97(8):1369-74. Available from: doi:10.1007/s00277-018-3309-6.

12. Mesa RA, Vannucchi AM, Mead A, Egyed M, Szoke A, Suvorov A, et al. Pacritinib versus best available therapy for the treatment of myelofibrosis irrespective of baseline cytopenias (PERSIST-1): An international, randomised, 
phase 3 trial. Lancet Haematol. 2017;4(5):e225-36. Available from: doi:10.1016/S2352-3026(17)30027-3.

13. CTI Biopharma. Pacritinib [Internet]. 2017. Available from: http://www.ctibiopharma.com/pipeline/pacritinib/ [cited 2019 Feb 7].

14. Bryan JC, Verstovsek S. Overcoming treatment challenges in myelofibrosis and polycythemia vera: The role of ruxolitinib. Cancer Chemother Pharmacol. 2016;77(6):1125-42. Available from: doi:10.1007/s00280-
016-3012-z.

18


