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A B S T R A C T
An 80-year-old female with a history of primary myelofibrosis was admitted to the hospital due to 
worsening symptoms of the primary disease. A secondary tumor — multiple myeloma (MM) — was 
revealed during the diagnostic process. Monotherapy with a JAK inhibitor (ruxolitinib) was admin-
istered, and the severity of both malignancies was alleviated. This article includes a short review of 
secondary malignancies correlated with PMF and the state of knowledge on using JAK inhibitors, 
mainly ruxolitinib, in treating MM.
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INTRODUCTION

Primary myelofibrosis (PMF) is one of the myeloproliferative 
neoplasms (MPNs). Apart from PMF, this group consists of 
polycythemia vera (PV), essential thrombocythemia (ET), 
chronic myelogenous leukemia (CML), chronic neutrophilic 
leukemia (CNL), chronic eosinophilic leukemia (CEL) [1]. The 
constant activity of the Janus Kinase-signal transducer and 
activator of transcription (JAK-STAT) pathway is one of the 
main characteristics of MPNs. JAK2 V617F and JAK2 exon 
12 mutations are the most frequent drivers found in PMF, 
PV, and ET and are present in 60% of PMF patients, 98% of 
PV patients, and 60% of ET patients [2, 3]. Other common 
mutations include those of calreticulin (CALR) and of 
myeloproliferative leukemia virus oncogene (MPL) which 
make up 25% and 7% of PMF cases, respectively [4]. These 
mutations are believed to start clonal myeloproliferation, 
leading to clinical presentation including anemia, hepato-
splenomegaly, and systemic symptoms like fatigue, night 
sweats, and low-grade fever [5].

To this day, several treatment methods are used in 
PMF, ranging from allogeneic hematopoietic stem cell 

transplantation (allo-HSCT) in higher-risk patients to phar-
macological means of treatment, which mainly alleviate 
the symptoms of the disease. Pharmacological treatment 
options include JAK inhibitors (JAKi), cytoreductive therapy 
with hydroxyurea, corticosteroids, and immunomodulatory 
agents such as thalidomide and lenalidomide [4, 6–8].

Out of the agents used, the group of JAKi seems to be 
of great interest, also in other diseases, due to inhibition 
of downstream signaling of STAT3/5, phosphatidylinositol 
3-kinase (PI3K), and mitogen-activated protein kinase 
(MAPK) [9]. For example, the treatment with ruxolitinib 
stimulates the increased cytotoxic activity when co-ad-
ministered with anti-programmed cell death protein-1 
(anti-PD-1) immunotherapy in pancreatic cancer [10, 11]. 
Additionally, immunosuppressive qualities of ruxolitinib are 
being assessed in coronavirus disease 2019 (COVID-19) and 
hemophagocytic lymphohistiocytosis (HLH) [12, 13]. In the 
case of PMF, ruxolitinib, a selective inhibitor of JAK1 and 2, 
has clinically significant activity in PMF. In a phase 3 rand-
omized trial ruxolitinib provided significant clinical benefits 
in patients with PMF by reducing spleen size, ameliorating 
debilitating myelofibrosis-related symptoms, and improving 
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overall survival [14]. A later pooled analysis from randomized 
phase III trials COMFORT-I and COMFORT-II indicated that 
ruxolitinib improved patients’ overall survival compared to 
conventional therapies [15]. In addition, besides myelofibro-
sis, ruxolitinib is also approved for the treatment of PV and 
graft-versus-host disease (GvHD) [16–18].

Herein, a case of a female patient with PMF and mul-
tiple myeloma (MM) successfully treated with ruxolitinib 
monotherapy is presented.

CASE REPORT

At the age of 69, a diagnosis of primary myelofibrosis 
was made in 2012. Since March 2018, the progression 
of splenomegaly and weight loss (5 kg over six months) 
was observed. The laboratory tests revealed normocytic 
anemia, vitamin B12 deficiency, increased lactate dehy-
drogenase (LDH), and direct bilirubin levels with negative 
direct antiglobulin test result. Further diagnostic excluded 
hemolysis. An increased level of the monoclonal protein 
was also detected. The patient was treated with B12 sup-
plementation and blood transfusion. Testing for the JAK2 
V617F mutation was negative.

In January 2019, the patient was referred to the regional 
hospital to reassess her clinical condition. The laboratory 
findings showed leukopenia [white blood count (WBC)  
2.60 G/L], neutropenia [absolute neutrophil count (ANC)  
1. 43 G/L], anemia [hemoglobin (Hb) 7.1 g/dL], and in-
creased beta2-microglobulin (4.62 mg/L). The platelet (PLT) 
count was within the normal range (330 G/L). The serum 
analysis revealed abnormalities in the free light chain (FLC) 
concentration kappa 10.9 mg/L, lambda 181.0 mg/L (ratio 
kappa: lambda 0.06) while the levels of these in urine were 
as follows: FLC kappa 9.65 mg/L, FLC lambda 2,66 mg/L 
(ratio kappa/lambda 3.63). Trephine biopsy revealed the 
characteristic image of myelofibrosis with a reticulin fiber 
score of 3 (MF3), and the infiltration of bone marrow by 
plasmatic cells was estimated to be 20% (CD138+, CD38–). 
Testing for the CALR mutation was negative. The patient 
was referred to the Institute of Hematology and Transfusion 
Medicine to broaden the diagnostic process and access the 
treatment options.

Upon admission to the Institute in May 2019, the pa- 
tient’s vital signs were stable. Clinical examination revealed 
massive splenomegaly (15–16 cm below the costal margin, 
exceeding the median line by 2–3 cm) measuring 250 mm 
in ultrasound. The laboratory investigation confirmed pre-
vious findings (WBC 2.88 G/L, ANC 1.86 G/L, Hb 7.9 g/dL, 
PLT 291 G/L) with the aggravation of beta2-microglobulin 
(6.6 mg/L) and serum FLC lambda levels (369 mg/L), FLC 
kappa levels (0.65 mg/L) — ratio kappa/lambda 0.001. 
A monoclonal protein of IgA class type lambda was de-
tected in the immunofixation assay of blood serum at 
the concentration of 0.65 g/dL. The blood smear showed 

polychromatic (3%) and orthochromatic (2%) erythroblasts. 
Other than anemia and the light chain criterion, the pa-
tient presented no SLiM CRAB signs. The presence of JAK2 
mutation was reassessed, and a polymorphic variant of 
c.1641+179_1641+183delTCTTA was detected. No JAK2 
V617F, CARL, or MPL mutations in exon 10 were detected. 
Cytogenetic testing of isolated bone marrow plasmocytes 
using fluorescence in situ hybridization (FISH) probes 
showed an additional copy of the ATM gene suggesting 
chromosome 11 trisomy; no TP53 gene deletion nor t(4;14), 
t(14;16), t(11;14) or t(14;20) was noted. The risk assess-
ment of PMF was graded three according to International 
Prognostic Scoring System (IPSS) and four according to 
Dynamic International Prognostic Scoring System (DIPSS). 
Considering all of the aforementioned characteristics, the 
main complaint being splenomegaly, initial monotherapy 
with ruxolitinib was chosen with the possible reevaluation 
of therapy if the symptoms worsened. A concurrent diag-
nosis of smoldering MM was also made, as no SLiM CRAB 
criteria were met, and normocytic anemia was probably 
caused by PMF advancement.

After six months of ruxolitinib treatment, the patient had 
no disease symptoms. In the first two months required four 
units of red blood cell transfusion. The final dose of ruxolitinib 
was estimated at 10mg two times daily. Patient morphology 
revealed normal WBC and PLT values with stable normocytic 
anemia with Hb within the 8.2–9.3 g/dL range. Ruxolitinib 
was continued. The monoclonal protein remained stable 
and did not increase during ruxolitinib therapy.

Two years later in April 2021, the patient was hospital-
ized due to a COVID-19 infection. Because of the patient’s 
anemia, a transfusion of 4 units of red cell concentrate 
was required during the stay. Additionally, a decrease in 
platelet count down to 90 G/L was observed. Therefore, 
it was suspected that the treatment was insufficient, and 
the patient was referred to the Hematology Department. 
The signs of anemia were detected (Hb 7.8 g/dL); howev-
er, the laboratory results unexpectedly showed platelet, 
white blood cell counts within normal limits, a decrease of 
monoclonal protein IgA lambda (0.25 g/dL), a significant 
decrease within FLC lambda 174 mg/L (ratio kappa/lamb-
da 0.07), and a beta2-microglobulin of 5.9 mg/L. Trephine 
biopsy revealed a small decline of plasma cell infiltration 
(10–15%), a reticulin fibers deposition (MF3), and the char-
acteristics of dyserythropoiesis. Reduction of splenomegaly 
was detected in the computed tomography (CT) scan, and 
no osteolytic lesions were revealed. Thus, the most prob-
able cause of the decompensation of the disease was the 
COVID-19 infection. Therefore, the patient was discharged 
after receiving two units of red cell concentrate with the 
instruction to continue the ruxolitinib treatment, which she 
now uses for an overall period of 48 months with good tol-
erability as of May 2023. In that period levels of monoclonal 
protein were stable and blood transfusion was required.
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DISCUSSION

Aside from well-known features characterizing worse 
survival in MPNs, such as advanced age, the appearance 
of constitutional symptoms, alterations within complete 
blood count, the status of needed transfusion, grade of 
bone marrow fibrosis, and appearance of particular karyo-
type or mutations, there is more light being shed on second 
primary malignancies (SPM) as the unfavorable survival risk 
factor [4]. Indeed, MPNs carry the risk of second non-he-
matologic cancers with a hazard ratio (HR) of 1.6 [19].  
Moreover, hematologic malignancies are also prone to 
develop with HR ranging from 46.0 in acute myeloid leu-
kemia (AML) to 1.7 in MM [19]. Interestingly, PMF patients 
are significantly more likely to develop  AML (HR = 99.2), 
lymphoma (HR = 6.0), and MM (HR = 9.0) than patients 
suffering from other MPNs [19]. Following the study, there 
is an association between the subsequent appearance of 
MM in patients previously diagnosed with PMF [20].

PMF is a disease of a well-characterized genetic land-
scape that constitutes both “driver” and “other” mutations. 
The former group consists of three mutations JAK2, CALR, 
and MPL which are detected in most patients and are 
a part of the major International Consensus Criteria (ICC) 
[1, 21]. These alterations lead to a consistently active JAK2, 
which enhances intracellular signaling via STAT3/5, and 
independently from STAT particles via PI3K and MAPK/ERK 
pathways (Figure 1) [21, 22]. Although 8–10% of PMF cases 
present without the aforementioned mutations, therefore 
are described as triple-negative PMF [23]. Other mutations, 
such as ASXL1, SRSF2, EZH2, IDH1, and IDH2 are frequently 
seen alongside “drivers” and are of significance concerning 
the decrease in overall survival (OS) and leukemia-free 
survival [24].

Intriguingly, the intracellular signals apparent in MM 
cells are not much different from those in PMF. The activa-
tion of JAK/STAT, PI3K, and MAPK routes is crucial to MM 
survival and progression (Figure 1) [25, 26]. The stimulus 
that drives the induction of these pathways is likely differ-
ent from the one in PMF. There is evidence of isolated cases 
of plasma cells being JAK2 V617F positive when coexisting 

with MPNs [27]. However, on screening 93 MM patients not 
associated with MPNs, none presented with JAK2 V617F 
mutation [28]. It appears that the increased signaling is 
rather an effect of other cellular alterations such as inter-
leukin-6 (IL6) signaling and commonly described myeloma 
mutations (e.g., KRAS, NRAS, BRAF) (Figure 1) [26, 29]. Taking 
it into account, despite the different stimuli, the intracel-
lular signaling is similar in both malignancies. It includes 
JAK/STAT, PI3K, and MAPK pathways which induce cellular 
survival, proliferation, and growth.

Introducing ruxolitinib was a great achievement in 
PMFsymptom control [30–33]. Additionally, the pooled 

Table 1. Current studies investigating the use of ruxolitinib in multiple myeloma (MM) patients

Trial number Status Drug Associated therapy Study phase Additional features

NCT03110822 Recruiting Ruxolitinib Lenalidomide,  
methylprednisolone

I Refractory or relapsed MM

NCT00639002 Recruitment completed Ruxolitinib Dexamethasone II Refractory or relapsed MM

NCT03773107 Active, not recruiting Ruxolitinib Carfilzomib,  
dexamethasone

I/II Carfilzomib-refractory MM

NCT03017820 Recruiting Ruxolitinib Recombinant vesicular stomatitis 
virus-expressing human  

interferon beta and sodium- 
-iodide symporter

I Relapsed or refractory MM

NCT03878524 Recruiting Ruxolitinib Various pharmacological agents Ib In this study, samples from patients’ cancers are to be  
tested to find combinations of drugs that provide  
clinical benefits for the kind of cancer the patient 

has. Then the treatment will be administered  
to patients for up to 6 cycles and assessed

Figure 1. The molecular pathways of primary myelofibrosis (PMF) 
and multiple myeloma (MM). Molecular signaling in a malignant cell 
is a complex process involving multiple protein cascades. In PMF 
the starting point is mostly JAK2 V617F mutation which activates 
STAT, RAS/Raf, and phosphatidylinositol 3-kinase (PI3K) routes. 
On the contrary, MM cells often use external stimuli that through 
cellular receptors activate the same molecular pathways. As a result, 
malignant cells gain neoplastic qualities such as increased survival, 
proliferation, and decreased apoptosis; IL6 — interleukin-6;  
PDK1 — pyruvate dehydrogenase kinase 1

PMF MM

SURVIVAL
ANTI-APOPTOSIS
PROLIFERATION

EXTERNAL
STIMULUS

e.g. IL6

RAS/Raf/MEK/ERK STAT1/3/5 PI3K/PDK1/AKT
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analysis of the COMFORT I and II study revealed prolonged 
overall survival (OS) among intermediate-2 or high-risk PMF 
symptom control patients; therefore, it became one of the 
best therapeutic options among symptomatic PMF patients 
[32]. Ruxolitinib works in both JAK2 V617F positive and 
negative cells because its molecular target is the adenosine 
triphosphate (ATP) binding site of JAK2, which remains 
unchanged when the mutation occurs [34]. Ergo, it inhibits 
up-regulated JAK2 and its downstream signaling, including 
STAT3/5, PI3K, and RAS, corresponding with decreased 
proliferation and increased apoptosis of malignant cells [21, 
34, 35]. The convergence of cellular pathways involved in 
the progression of PMF and MM suggests that ruxolitinib 
may also inhibit the expansion of myeloma cells. Indeed, 
there is a growing body of evidence justifying the usage 
of JAK inhibitors in MM patients (Table 1).

The overexpression of JAK2 and JAK1 is seen in 57% and 
27% of MM patients, respectively [36]. When combined with 
bortezomib, ruxolitinib leads to increased MM cell death 
compared to monotherapy and concurrently decreases in 
expression of antiapoptotic proteins BCL-2 and BCL-XL in 
vitro [36]. Moreover, studies are introducing ruxolitinib to 
combine well-known anti-myeloma drugs to increase their 
anti-tumoral activity [36, 37]. Interestingly, the combina-
tion of ruxolitinib and methylprednisolone has an overall 
response rate of 31% when used in relapsed/refractory MM 
patients [38]. Few are describing the potential additional 
benefits of introducing ruxolitinib into the MM regimen. 
Ruxolitinib may encourage an interruption of MM-me-
diated immunosuppression by increased T-cell activity 
due to the downregulation of PD-L1, PD-L2, and CD44 
expression by MM cells; and decreased M2 polarization of 
macrophages [39–41]. Additionally, the downregulation of 
STAT3 activity in MM cells enhances CD38 expression, which 
might be used to increase daratumumab activity [42].

CONCLUSION

With prolonged OS in hematological malignancies, there 
is an increased hazard ratio of SPMs. MPNs are a great 
example of this phenomenon, with a high risk of devel-
oping a broad spectrum of solid and hematologic tumors. 
The convergence of the molecular pathways of different 
hematological neoplasms creates an opportunity to use 
established treatments in new indications. That was the 
case with ruxolitinib, which may provide additional benefits 
of MM control aside from its primary anti-PMF action. This 
discovery is an interest in novel clinical trials, and hopefully, 
some of them will ensure better treatment options in both 
MM and PMF.

Article information

Authors’ contribution: PZ, JI, and BP reviewed the literature and wrote 
the manuscript. JGT and ELM reviewed the manuscript.

Conflict of interest: The authors declare no conflict of interest.

References
1. Arber DA, Orazi A, Hasserjian RP, et al. International Consensus Classi-

fication of Myeloid Neoplasms and Acute Leukemias: integrating mor-
phologic, clinical, and genomic data. Blood. 2022; 140(11): 1200–1228, 
doi: 10.1182/blood.2022015850, indexed in Pubmed: 35767897.

2. Pardanani A, Lasho TL, Finke C, et al. Prevalence and clinicopathologic cor-
relates of JAK2 exon 12 mutations in JAK2V617F-negative polycythemia 
vera. Leukemia. 2007; 21(9): 1960–1963, doi: 10.1038/sj.leu.2404810, 
indexed in Pubmed: 17597810.

3. Tefferi A, Guglielmelli P, Larson DR, et al. Long-term survival and blast 
transformation in molecularly annotated essential thrombocythemia, 
polycythemia vera, and myelofibrosis. Blood. 2014; 124(16): 2507–13; 
quiz 2615, doi:  10.1182/blood-2014-05-579136, indexed in Pub-
med: 25037629.

4. Tefferi A. Primary myelofibrosis: 2023 update on diagnosis, risk-stratifica-
tion, and management. Am J Hematol. 2023; 98(5): 801–821, doi: 10.1002/
ajh.26857, indexed in Pubmed: 36680511.

5. Genthon A, Killian M, Mertz P, et al. [Myelofibrosis: a review] [In French]. Rev 
Med Interne. 2021; 42(2): 101–109, doi: 10.1016/j.revmed.2020.08.018, 
indexed in Pubmed: 33243417.

6. Garmezy B, Schaefer JK, Mercer J, et al. A provider’s guide to primary 
myelofibrosis: pathophysiology, diagnosis, and management. Blood 
Rev. 2021; 45: 100691, doi: 10.1016/j.blre.2020.100691, indexed in 
Pubmed: 32354563.

7. Castillo-Tokumori F, Talati C, Al Ali N, et al. Retrospective analysis of the 
clinical use and benefit of lenalidomide and thalidomide in myelofibrosis. 
Clin Lymphoma Myeloma Leuk. 2020; 20(12): e956–e960, doi: 10.1016/j.
clml.2020.07.006, indexed in Pubmed: 32778513.

8. Daver N, Cortes J, Newberry K, et al. Ruxolitinib in combination with 
lenalidomide as therapy for patients with myelofibrosis. Haematologica. 
2015; 100(8): 1058–1063, doi: 10.3324/haematol.2015.126821, indexed 
in Pubmed: 26088933.

9. Tremblay D, Mascarenhas J. Next generation therapeutics for thetreat-
ment of myelofibrosis. Cells. 2021; 10(5), doi: 10.3390/cells10051034, 
indexed in Pubmed: 33925695.

10. Datta J, Dai X, Bianchi A, et al. Combined MEK and STAT3 iInhibition uncov-
ers stromal plasticity by enriching for cancer-associated fibroblasts with 
mesenchymal stem cell-like features to overcome immunotherapy resist-
ance in pancreatic cancer. Gastroenterology. 2022; 163(6): 1593–1612, 
doi: 10.1053/j.gastro.2022.07.076, indexed in Pubmed: 35948109.

11. Lu C, Talukder A, Savage NM, et al. JAK-STAT-mediated chronic inflam-
mation impairs cytotoxic T lymphocyte activation to decrease anti-PD-1 
immunotherapy efficacy in pancreatic cancer. Oncoimmunology. 2017; 
6(3): e1291106, doi: 10.1080/2162402X.2017.1291106, indexed in 
Pubmed: 28405527.

12. Keenan C, Nichols KE, Albeituni S. Use of the JAK inhibitor ruxolitinib in 
the treatment of hemophagocytic lymphohistiocytosis. Front Immunol. 
2021; 12: 614704, doi: 10.3389/fimmu.2021.614704, indexed in Pub-
med: 33664745.

13. Levy G, Guglielmelli P, Langmuir P, et al. JAK inhibitors and COVID-19. 
J Immunother Cancer. 2022; 10(4), doi:  10.1136/jitc-2021-002838, 
indexed in Pubmed: 35459733.

14. Verstovsek S, Mesa RA, Gotlib J, et al. A double-blind, placebo-controlled 
trial of ruxolitinib for myelofibrosis. N Engl J Med. 2012; 366(9): 799–807, 
doi: 10.1056/NEJMoa1110557, indexed in Pubmed: 22375971.

15. Vannucchi AM, Kantarjian HM, Kiladjian JJ, et al. COMFORT Investigators. 
A pooled analysis of overall survival in COMFORT-I and COMFORT-II,  
2 randomized phase III trials of ruxolitinib for the treatment of myelofi-
brosis. Haematologica. 2015; 100(9): 1139–1145, doi: 10.3324/haema-
tol.2014.119545, indexed in Pubmed: 26069290.

16. Zeiser R, Polverelli N, Ram R, et al. REACH3 Investigators. Ruxolitinib 
for glucocorticoid-refractory chronic graft-versus-host disease. N Engl  
J Med. 2021; 385(3): 228–238, doi: 10.1056/NEJMoa2033122, indexed 
in Pubmed: 34260836.

17. Zeiser R, von Bubnoff N, Butler J, et al. REACH2 Trial Group. Ruxolitinib for 
glucocorticoid-refractory acute graft-versus-host disease. N Engl J Med. 
2020; 382(19): 1800–1810, doi: 10.1056/NEJMoa1917635, indexed in 
Pubmed: 32320566.

18. Kiladjian JJ, Zachee P, Hino M, et al. Long-term efficacy and safety of 
ruxolitinib versus best available therapy in polycythaemia vera (RE-

https://journals.viamedica.pl/hematology_in_clinical_practice
http://dx.doi.org/10.1182/blood.2022015850
https://www.ncbi.nlm.nih.gov/pubmed/35767897
http://dx.doi.org/10.1038/sj.leu.2404810
https://www.ncbi.nlm.nih.gov/pubmed/17597810
http://dx.doi.org/10.1182/blood-2014-05-579136
https://www.ncbi.nlm.nih.gov/pubmed/25037629
http://dx.doi.org/10.1002/ajh.26857
http://dx.doi.org/10.1002/ajh.26857
https://www.ncbi.nlm.nih.gov/pubmed/36680511
http://dx.doi.org/10.1016/j.revmed.2020.08.018
https://www.ncbi.nlm.nih.gov/pubmed/33243417
http://dx.doi.org/10.1016/j.blre.2020.100691
https://www.ncbi.nlm.nih.gov/pubmed/32354563
http://dx.doi.org/10.1016/j.clml.2020.07.006
http://dx.doi.org/10.1016/j.clml.2020.07.006
https://www.ncbi.nlm.nih.gov/pubmed/32778513
http://dx.doi.org/10.3324/haematol.2015.126821
https://www.ncbi.nlm.nih.gov/pubmed/26088933
http://dx.doi.org/10.3390/cells10051034
https://www.ncbi.nlm.nih.gov/pubmed/33925695
http://dx.doi.org/10.1053/j.gastro.2022.07.076
https://www.ncbi.nlm.nih.gov/pubmed/35948109
http://dx.doi.org/10.1080/2162402X.2017.1291106
https://www.ncbi.nlm.nih.gov/pubmed/28405527
http://dx.doi.org/10.3389/fimmu.2021.614704
https://www.ncbi.nlm.nih.gov/pubmed/33664745
http://dx.doi.org/10.1136/jitc-2021-002838
https://www.ncbi.nlm.nih.gov/pubmed/35459733
http://dx.doi.org/10.1056/NEJMoa1110557
https://www.ncbi.nlm.nih.gov/pubmed/22375971
http://dx.doi.org/10.3324/haematol.2014.119545
http://dx.doi.org/10.3324/haematol.2014.119545
https://www.ncbi.nlm.nih.gov/pubmed/26069290
http://dx.doi.org/10.1056/NEJMoa2033122
https://www.ncbi.nlm.nih.gov/pubmed/34260836
http://dx.doi.org/10.1056/NEJMoa1917635
https://www.ncbi.nlm.nih.gov/pubmed/32320566


h t t p s : / / j o u r n a l s . v i a m e d i c a . p l / h e m a t o l o g y _ i n _ c l i n i c a l _ p r a c t i c e 45

Przemysław Zygmunciak et al., Ruxolitinib as a primary treatment for multiple myeloma

SPONSE): 5-year follow up of a phase 3 study. Lancet Haematol. 2020; 
7(3): e226–e237, doi: 10.1016/S2352-3026(19)30207-8, indexed in 
Pubmed: 31982039.

19. Landtblom AR, Bower H, Andersson TML, et al. Second malignancies in 
patients with myeloproliferative neoplasms: a population-based cohort 
study of 9379 patients. Leukemia. 2018; 32(10): 2203–2210, doi: 10.1038/
s41375-018-0027-y, indexed in Pubmed: 29535425.

20. Langseth ØO, Myklebust TÅ, Johannesen TB, et al. Patterns of previous 
and secondary malignancies in patients with multiple myeloma. Eur  
J Haematol. 2021; 106(4): 529–536, doi: 10.1111/ejh.13581, indexed in 
Pubmed: 33455012.

21. Greenfield G, McMullin MF, Mills K. Molecular pathogenesis of the myelo-
proliferative neoplasms. J Hematol Oncol. 2021; 14(1): 103, doi: 10.1186/
s13045-021-01116-z, indexed in Pubmed: 34193229.

22. Nangalia J, Green AR. Myeloproliferative neoplasms: from origins to 
outcomes. Blood. 2017; 130(23): 2475–2483, doi:  10.1182/blood- 
2017-06-782037, indexed in Pubmed: 29212804.

23. Passamonti F, Mora B. Myelofibrosis. Blood. 2023; 141(16): 1954–1970, 
doi: 10.1182/blood.2022017423, indexed in Pubmed: 36416738.

24. Tefferi A, Lasho TL, Finke CM, et al. Targeted deep sequencing in primary 
myelofibrosis. Blood Adv. 2016; 1(2): 105–111, doi: 10.1182/bloodad-
vances.2016000208, indexed in Pubmed: 29296803.

25. Hideshima T, Mitsiades C, Tonon G, et al. Understanding multiple myeloma 
pathogenesis in the bone marrow to identify new therapeutic targets. 
Nat Rev Cancer. 2007; 7(8): 585–598, doi: 10.1038/nrc2189, indexed in 
Pubmed: 17646864.

26. Hu J, Hu WX. Targeting signaling pathways in multiple myeloma:  
pathogenesis and implication for treatments. Cancer Lett. 2018; 414:  
214–221, doi:  10.1016/j.canlet.2017.11.020, indexed in Pubmed: 
29174802.

27. Lee H, McCulloch S, Mahe E, et al. Anti-myeloma potential of ruxolitinib 
in co-existing JAK2V617F-positive smouldering myeloma and poly-
cythaemia vera. Br J Haematol. 2020; 189(3): e114–e118, doi: 10.1111/
bjh.16533, indexed in Pubmed: 32080835.

28. Fiorini A, Farina G, Reddiconto G, et al. Screening of JAK2 V617F mutation 
in multiple myeloma. Leukemia. 2006; 20(10): 1912–1913, doi: 10.1038/
sj.leu.2404332, indexed in Pubmed: 16871278.

29. Castaneda O, Baz R. Multiple myeloma genomics — a concise review. 
Acta Med Acad. 2019; 48(1): 57–67, doi: 10.5644/ama2006-124.242, 
indexed in Pubmed: 31264433.

30. Cervantes F, Vannucchi AM, Kiladjian JJ, et al. COMFORT-II investigators. 
Three-year efficacy, safety, and survival findings from COMFORT-II, 
a phase 3 study comparing ruxolitinib with best available therapy 
for myelofibrosis. Blood. 2013; 122(25): 4047–4053, doi:  10.1182/
blood-2013-02-485888, indexed in Pubmed: 24174625.

31. Harrison CN, Vannucchi AM, Kiladjian JJ, et al. Long-term findings from 
COMFORT-II, a phase 3 study of ruxolitinib vs best available therapy 

for myelofibrosis. Leukemia. 2016; 30(8): 1701–1707, doi:  10.1038/
leu.2016.148, indexed in Pubmed: 27211272.

32. Verstovsek S, Gotlib J, Mesa RA, et al. Long-term survival in patients treated 
with ruxolitinib for myelofibrosis: COMFORT-I and -II pooled analyses.  
J Hematol Oncol. 2017; 10(1): 156, doi: 10.1186/s13045-017-0527-7, 
indexed in Pubmed: 28962635.

33. Verstovsek S, Mesa RA, Gotlib J, et al. A double-blind, placebo-controlled 
trial of ruxolitinib for myelofibrosis. N Engl J Med. 2012; 366(9): 799–807, 
doi: 10.1056/NEJMoa1110557, indexed in Pubmed: 22375971.

34. Santos FPS, Verstovsek S. JAK2 inhibitors for myelofibrosis: why are they 
effective in patients with and without JAK2V617F mutation? Anticancer 
Agents Med Chem. 2012; 12(9): 1098–1109, doi: 10.2174/1871520128
03529727, indexed in Pubmed: 22583424.

35. Quintás-Cardama A, Vaddi K, Liu P, et al. Preclinical characterization of 
the selective JAK1/2 inhibitor INCB018424: therapeutic implications for 
the treatment of myeloproliferative neoplasms. Blood. 2010; 115(15): 
3109–3117, doi: 10.1182/blood-2009-04-214957, indexed in Pub-
med: 20130243.

36. de Oliveira MB, Fook-Alves VL, Eugenio AIP, et al. Anti-myeloma effects 
of ruxolitinib combined with bortezomib and lenalidomide: A rationale 
for JAK/STAT pathway inhibition in myeloma patients. Cancer Lett. 
2017; 403: 206–215, doi: 10.1016/j.canlet.2017.06.016, indexed in 
Pubmed: 28645562.

37. Chen H, Sanchez E, Li M, et al. Anti-myeloma activity by the combination of 
the JAK2 inhibitor ruxolitinib with lenalidomide and corticosteroids. Blood. 
2014; 124(21): 2114–2114, doi: 10.1182/blood.v124.21.2114.2114.

38. Berenson JR, Martinez D, Safaie T, et al. Ruxolitinib and methylpredniso-
lone for treatment of patients with relapsed/refractory multiple myeloma. 
Br J Haematol. 2023; 200(6): 722–730, doi: 10.1111/bjh.18593, indexed 
in Pubmed: 36482815.

39. Chen H, Li M, Ng N, et al. Ruxolitinib reverses checkpoint inhibition 
by reducing programmed cell death ligand-1 (PD-L1) expression and 
increases anti-tumour effects of T cells in multiple myeloma. Br J Hae-
matol. 2021; 192(3): 568–576, doi: 10.1111/bjh.17282, indexed in 
Pubmed: 33341940.

40. Chen H, Li M, Sanchez E, et al. The JAK inhibitor blocks PD-L1, PD-L2 and 
CD44 expression in multiple myeloma (MM) and sensitizes MM cells 
to lenalidomide and steroids. Blood. 2018; 132(Suppl 1): 1910–1910, 
doi: 10.1182/blood-2018-99-119099.

41. Chen H, Li M, Sanchez E, et al. JAK1/2 pathway inhibition suppresses M2 po-
larization and overcomes resistance of myeloma to lenalidomide by reducing 
TRIB1, MUC1, CD44, CXCL12, and CXCR4 expression. Br J Haematol. 2020; 
188(2): 283–294, doi: 10.1111/bjh.16158, indexed in Pubmed: 31423579.

42. Ogiya D, Liu J, Ohguchi H, et al. The JAK-STAT pathway regulates 
CD38 on myeloma cells in the bone marrow microenvironment: ther-
apeutic implications. Blood. 2020; 136(20): 2334–2345, doi: 10.1182/
blood.2019004332, indexed in Pubmed: 32844992.

https://journals.viamedica.pl/hematology_in_clinical_practice
http://dx.doi.org/10.1016/S2352-3026(19)30207-8
https://www.ncbi.nlm.nih.gov/pubmed/31982039
http://dx.doi.org/10.1038/s41375-018-0027-y
http://dx.doi.org/10.1038/s41375-018-0027-y
https://www.ncbi.nlm.nih.gov/pubmed/29535425
http://dx.doi.org/10.1111/ejh.13581
https://www.ncbi.nlm.nih.gov/pubmed/33455012
http://dx.doi.org/10.1186/s13045-021-01116-z
http://dx.doi.org/10.1186/s13045-021-01116-z
https://www.ncbi.nlm.nih.gov/pubmed/34193229
http://dx.doi.org/10.1182/blood-2017-06-782037
http://dx.doi.org/10.1182/blood-2017-06-782037
https://www.ncbi.nlm.nih.gov/pubmed/29212804
http://dx.doi.org/10.1182/blood.2022017423
https://www.ncbi.nlm.nih.gov/pubmed/36416738
http://dx.doi.org/10.1182/bloodadvances.2016000208
http://dx.doi.org/10.1182/bloodadvances.2016000208
https://www.ncbi.nlm.nih.gov/pubmed/29296803
http://dx.doi.org/10.1038/nrc2189
https://www.ncbi.nlm.nih.gov/pubmed/17646864
http://dx.doi.org/10.1016/j.canlet.2017.11.020
https://www.ncbi.nlm.nih.gov/pubmed/29174802
http://dx.doi.org/10.1111/bjh.16533
http://dx.doi.org/10.1111/bjh.16533
https://www.ncbi.nlm.nih.gov/pubmed/32080835
http://dx.doi.org/10.1038/sj.leu.2404332
http://dx.doi.org/10.1038/sj.leu.2404332
https://www.ncbi.nlm.nih.gov/pubmed/16871278
http://dx.doi.org/10.5644/ama2006-124.242
https://www.ncbi.nlm.nih.gov/pubmed/31264433
http://dx.doi.org/10.1182/blood-2013-02-485888
http://dx.doi.org/10.1182/blood-2013-02-485888
https://www.ncbi.nlm.nih.gov/pubmed/24174625
http://dx.doi.org/10.1038/leu.2016.148
http://dx.doi.org/10.1038/leu.2016.148
https://www.ncbi.nlm.nih.gov/pubmed/27211272
http://dx.doi.org/10.1186/s13045-017-0527-7
https://www.ncbi.nlm.nih.gov/pubmed/28962635
http://dx.doi.org/10.1056/NEJMoa1110557
https://www.ncbi.nlm.nih.gov/pubmed/22375971
http://dx.doi.org/10.2174/187152012803529727
http://dx.doi.org/10.2174/187152012803529727
https://www.ncbi.nlm.nih.gov/pubmed/22583424
http://dx.doi.org/10.1182/blood-2009-04-214957
https://www.ncbi.nlm.nih.gov/pubmed/20130243
http://dx.doi.org/10.1016/j.canlet.2017.06.016
https://www.ncbi.nlm.nih.gov/pubmed/28645562
http://dx.doi.org/10.1182/blood.v124.21.2114.2114
http://dx.doi.org/10.1111/bjh.18593
https://www.ncbi.nlm.nih.gov/pubmed/36482815
http://dx.doi.org/10.1111/bjh.17282
https://www.ncbi.nlm.nih.gov/pubmed/33341940
http://dx.doi.org/10.1182/blood-2018-99-119099
http://dx.doi.org/10.1111/bjh.16158
https://www.ncbi.nlm.nih.gov/pubmed/31423579
http://dx.doi.org/10.1182/blood.2019004332
http://dx.doi.org/10.1182/blood.2019004332
https://www.ncbi.nlm.nih.gov/pubmed/32844992

