
Imatinib and ruxolitinib association: first experience
in two patients

We report the first case of 2 patients with a previous
diagnosis of post-polycythemic (PV) myelofibrosis who
developed chronic myeloid leukemia (CML) seven years
later, both treated with an association of a tyrosine-kinase
inhibitor (imatinib) and a JAK1/JAK2 inhibitor (ruxolitinib).
In 1992, a 46-year old man presented with splenomegaly

and elevated red cell counts. Bone marrow morphological
analysis was performed and a diagnosis of PV was made
according to Polycythemia Vera Study Group (PVSG) crite-
ria. The patient was first treated with phlebotomy and sub-
sequently with hydroxyurea. In April 2005, after increase
of splenomegaly (20 cm below costal margin), decrease of
hemoglobin (Hb) and loss of phlebotomy requirement,
bone marrow evaluation was performed documenting
post-PV myelofibrosis. Cytogenetic analysis showed nor-
mal karyotype. Molecular study was negative for BCR-
ABL1 rearrangement, and positive for JAK2 V617F muta-
tion, with an allele burden of 47%. Retrospective evalua-
tion of the International Prognostic Scoring System (IPSS)
resulted as intermediate risk-1.1 As myeloblasts appeared in
peripheral blood, in September 2011 bone marrow analysis
confirmed the diagnosis of post-PV myelofibrosis with
marked increase of collagen fibers (MF-3).2 Cytogenetic
analysis revealed t(9;22)(q34;q11.2) (2/30), suggesting the
presence of a BCR-ABL1-positive-CML clone. PCR analysis
showed a BCR-ABL1 transcript (b2a2). As a consequence,
imatinib therapy was administered at 400 mg daily, while
cytoreductive treatment was stopped. In January 2013,
complete cytogenetic and major molecular responses were
achieved, but no effect was observed on the myelofibrosis.
Moreover, JAK2 V617F quantitative analysis displayed a
gradual increase in allele burden; meanwhile, splenomegaly
growth and the appearance of constitutional symptoms
were observed. JAK1/JAK2 inhibitor ruxolitinib at 15 mg
BID was added to imatinib therapy, the dosage of which
was reduced to 300 mg daily. Already after three months of
ruxolitinib treatment, there was a significant decrease in
splenomegaly (12 cm below costal margin), an improve-
ment of constitutional symptoms and a reduction of JAK2
allele burden (Figure 1). No significant change in bone mar-
row fibrosis was detected. However, a dosage reduction of
ruxolitinib to 10 mg BID was required as hematologic tox-
icity (grade 3 anemia and grade 1 thrombocytopenia) was
observed. At the last follow up, a significant reduction of
spleen length (up to 8 cm below costal margin) was detect-
ed, no constitutional symptoms emerged, and the patient
required only a slightly more frequent transfusion support.
In December 2000, a 48-year old man with

splenomegaly was diagnosed with PV after recovering for
transient ischemic attack (TIA). Cytogenetic analysis
showed normal karyotype. He started warfarin and
hydroxyurea, at a dose of 1500 mg daily until May 2005,
these were suspended due to the appearance of perimalle-
olar ulcers, after which 6-mercaptopurine therapy was
started. JAK2 V617F mutation was detected with an allele
burden of 89%. Seven years later, increase of splenomegaly
(21 cm below costal margin) was observed. Bone marrow
biopsy was performed and post-PV myelofibrosis was
appreciated (MF-2 to MF-3).2 

At cytogenetic evaluation t(9;22)(q34;q11.2) (20/20) was
detected and PCR analysis showed BCR-ABL1 transcript
(b3a2). CML diagnosis associated with post-PV myelofibro-
sis (IPSS: intermediate risk-1)1 was made. The patient
stopped the previous therapy and started imatinib at a daily

dose of 400 mg. Imatinib was well tolerated with only
minor side effects, and a complete cytogenetic response
was achieved after six months. JAK2 V617F quantitative
analysis displayed a gradual increase of allele burden up to
91%. Moreover, in November 2012, constitutional symp-
toms appeared and spleen size grew; JAK1/JAK2 inhibitor
ruxolitinib was added initially at a daily dose of 20 mg BID
and subsequently increased at 25 mg. Treatment was ini-
tially well tolerated, with a reduction of splenomegaly (17
cm below costal margin), allele burden (Figure 1) and
increase in Hb level; unfortunately, two months later, the
emergency of hematologic toxicity (grade 3 anemia and
grade 3 thrombocytopenia) led clinicians to stop both rux-
olitinib and imatinib treatments. Bone marrow biopsy
showed slight and focal reduction of collagen fibers (Figure
2), but considering the side-effects of the previous therapy
and an available HLA identical sibling donor, allogeneic
hematopoietic stem cell transplantation was performed.
Seven months later cytogenetic analysis showed normal

karyotype, BCR-ABL1 rearrangement was undetectable,
and JAK2 V617F quantitative analyses displayed a signifi-
cant decrease up to 5%.
Imatinib mesylate is the first TKI approved for the treat-

ment of patients with CML-chronic phase;3 JAK1/JAK2
inhibitor ruxolitinib is the first in-class drug approved for
the treatment of intermediate and high-risk MF and
marked significant advancement in the therapeutic
approach to this disorder.4-7 Recently, Quintarelli et al.8

demonstrated in vitro that ruxolitinib synergizes with TKIs
to induce CML progenitors apoptosis; therefore, their asso-
ciation could eradicate BCR-ABL1-positive cells, thus over-
coming drug resistance in CML patients. In the cases we
report, imatinib was highly active on CML clone, but it was
followed by a progressive increase of JAK2 V617F allele
burden. This is in line with the previous findings that inhi-
bition of the BCR-ABL1-positive clone is associated with
the expansion of the JAK2 V617F-positive one.9,10

Meanwhile, ruxolitinib treatment was effective on
splenomegaly and constitutional symptoms, but an adjust-
ment of dose was required after the appearance of bone
marrow toxicity, e.g. thrombocytopenia and anemia,
which are reported to occur in 39% and 43% of cases,
respectively.11-13 In case 1, as the Hb level was already signif-
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Figure 1. JAK2 V617F allele burden over time. RS: ruxolitinib start;
HSCT: allogeneic hematopoietic stem cell trasplantation.
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icantly reduced, we preferred a low dose of ruxolitinib and
a reduction of imatinib therapy in order to prevent the
well-known hematologic side-effects of these treatments.
On the contrary, in case 2, the full dose of both drugs was
given and the appearance of hematologic toxicity required
either imatinib or ruxolitinib to be stopped. In both cases,
after four months of ruxolitinib therapy, a considerable
reduction of JAK2 V617F allele burden was observed, thus
suggesting the efficacy of ruxolitinib in inhibiting the JAK2
V617F-positive clone (Figure 1).
Of note, in case 2, a slight and focal reduction of reticulin

and collagen fibrosis was documented (Figure 2) and this
observation is in line with those recently reported from
Kvaniscka et al.14 and Wilkins et al.15

In conclusion, our experience suggests that the associa-
tion of imatinib and ruxolitinib for the treatment of patients
with the coexistence of BCR-ABL1 rearrangement and
JAK2 V617F mutation could be considered after a dosage
adjustment of both tyrosine-kinase and JAK1/JAK2
inhibitors.
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Figure 2. Case 2 (A) post-PV myelofibrosis at baseline displaying
diffuse and dense increase in reticulin fibers, with extensive inter-
sections and coarse bundles of collagen (MF-3); (B) slight and
focal reduction of reticulin and collagen fibers after ruxolitinib
therapy.
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