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Myeloproliferative neoplasm (MPN) with PCM1-JAK2 rearrangement is a rare disease with
poor prognosis and lacks uniform treatment guidelines. Several studies confirmed the
efficacy of ruxolitinib in hematological malignancies with PCM1-JAK2 fusion, but the
efficacy is variable. Here, we report two patients diagnosed with MPN with PCM1-JAK2
fusion who were treated with ruxolitinib-based regimen, including the first case of
ruxolitinib combined with pegylated interferon (Peg-IFN), and we conduct a literature
review. We found that ruxolitinib combined with Peg-IFN is an effective treatment option in
the case of poor efficacy of ruxolitinib monotherapy.
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INTRODUCTION

JAK2 components play an important role in hematopoiesis, cell proliferation, and differentiation.
Abnormal activation of JAK pathway by gene mutations or rearrangements is common in
Philadelphia-negative myeloproliferative neoplasm (MPN). About 75% of typical Philadelphia-
negative MPN, including essential thrombocytosis (ET), polycythemia vera (PV), and primary
myelofibrosis (PMF), carry a specific V617F somatic mutation in JAK2 gene (1, 2). In contrast,
chromosomal translocations involving JAK2 gene are rare and have been reported in various
hematological malignancies. Among them, the PCM1-JAK2 fusion gene derived from t(8;9)(p22;
p24) is the most frequent (3–7). MPN with PCM1-JAK2 rearrangement is accompanied by varying
degrees of eosinophilia, lymphadenopathy/hepatosplenomegaly, and myelofibrosis (8). Based on
share characteristics, myeloid/lymphoid neoplasms (MLNs) with PCM1-JAK2 rearrangement has
been added as a provisional entity in the 2016 World Health Organization (WHO) classification of
myeloid neoplasms and acute leukemia (9).

MLN with PCM1-JAK2 rearrangement is a rare disease with poor prognosis and lacks unified
treatment guidelines. Up to now, allogeneic hematopoietic stem cell transplantation (allo-HSCT) is
the only way that can cure the disease. Ruxolitinib, a JAK2 inhibitor, has been approved by the
United States Food and Drug Administration for the treatment of intermediate- and high-risk PMF
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according to the findings of two randomized controlled trials (10,
11). However, ruxolitinib is not yet approved for MPN with
PCM1-JAK2 rearrangement, although it has been shown to be
effective. Here, we report two patients with MPN with PCM1-
JAK2 fusion who received ruxolitinib-based regimen, one of
which is the first report of ruxolitinib combined with pegylated
interferon (Peg-IFN) at home and abroad.
CASE PRESENTATION

Case 1
In October 2020, a 42-year-old man was referred to our
department because of leukocytosis (leukocyte 48.4 × 109/L)
with eosinophilia (eosinophils 3.97 × 109/L), mononucleosis
(monocyte 1.9 × 109/L), and anemia (hemoglobin 106 g/L). The
platelet count is normal (159 × 109/L). The morphological test of
peripheral blood showed that eosinophils accounted for 9%,
monocytes accounted for 9%, and blasts accounted for 1%.
Ultrasound showed that the spleen is slightly larger (length 13.2
cm) without lymphadenopathy and hepatomegaly. The bone
marrow analyses showed hypercellular morphology (myeloblast
2%, monoblast 2%, promonocyte 9%, and eosinophilia) with
dyshematopoiesis in granule and erythroid linages, but no
evidence of myelofibrosis. Bone marrow immunohistochemistry:
myeloperoxidase (3+), glycophorin A (2+), CD3 (−), CD20 (−),
CD38 (−), and CD34 (−). Chromosomal analysis showed a
karyotype of 46,XY,t(8;9). Targeted next-generation sequencing
(NGS) was negative. RNA sequencing revealed that exon 36 of
PCM1 was fused to exon 8 of JAK2. In conclusion, the patient was
diagnosed with MLN with eosinophilia (MLN-Eo) and PCM1-
JAK2 rearrangement according to the 2016 WHO criteria (12).

Induction treatment for the patient was hydroxyurea (HU; 500
mg qd) combined with ruxolitinib (with initiating dose of 5 mg qd
and then escalated to 15 mg bid). The patient achieved complete
hematologic remission (CHR) in 1 month and then accepted the
maintenance therapy with ruxolitinib alone. Subsequently, his
leukocytes and eosinophils progressively increased, accompanied
by a reduction of platelet counts. Two and a half months after
stopping HU, the patient complained of abdominal distension,
and abdominal Doppler ultrasound indicated that the spleen was
3.5 cm below the ribs. PCM1-JAK2 quantitative PCR test
indicated 109.17% (no data at diagnosis). In addition to
ruxolitinib, Peg-IFN (90 mg s.c. qw) and HU (500 mg bid) were
administered. The patient tolerated the combined treatment well.
Assessment conducted 2 months later showed that leukocytes,
eosinophils, and platelets were significantly improved, the spleen
size returned to normal, and PCM1-JAK2 fusion transcript
decreased to 37.03%. These results suggested that the
combination of ruxolitinib and Peg-IFN was safe and effective.
Currently, the patient is still receiving combined therapy, and he is
planning to undergo haploidentical HSCT (Figure 1A).

Case 2
In December 2020, a 47-year-old man was referred to the
hematological department complaining of fatigue, tinnitus, and
Frontiers in Oncology | www.frontiersin.org 2
dizziness for 2 months. Count of blood cells test showed
leukocytes of 13.47 × 109/L, eosinophils of 2.52 × 109/L, severe
anemia (hemoglobin 66 g/L), and normal platelet counts (117 ×
109/L). Peripheral blood smear revealed the presence of
immature granulocytes and erythrocytes, with teardrop-like
erythrocytes and 14% eosinophils. Physical examination
suggested hepatosplenomegaly. The bone marrow morphology
was hypercellular and showed granulocytic proliferation with
eosinophilic proliferation, reduced erythropoiesis, hyperplasia of
megakaryocytes, and grade 0-1 fibrosis according to European
Myelofibrosis Network criteria (13). Cytogenetic analysis
demonstrated a normal male karyotype. NGS was negative.
Fluorescence in situ hybridization study demonstrated that
BCR-ABL1, BCR-JAK2, ETV6-JAK2, ETV-FLT3, ETV-ABL1,
PDGFRA, PDGFRB, and FGFR1 fusion and rearrangement were
all negative. The PCM1-JAK2 fusion transcript was identified by
reverse transcription polymerase chain reaction (RT-PCR). The
break site was located in exon 36 of PCM1 and exon 9 of JAK2.
The diagnosis of MLN-Eo with PCM1-JAK2 fusion was
established. The patient returned to the local hospital for
treatment and was treated with HU (500 mg tid), ruxolitinib
(15 mg bid), and red blood cell transfusion after patient informed
consent. According to the white blood cell counts, HU was
discontinued after 0.5 months. One month later, the patient’s
white blood cells (1.66 × 109/L) and eosinophils (0.30 × 109/L)
decreased significantly, the hepatosplenomegaly was improved,
and the platelet (48 × 109/L) decreased, so the dose of ruxolitinib
was reduced. However, both white blood cells and eosinophils
were progressively increased since the dose of ruxolitinib was
reduced. The final dose of ruxolitinib was maintained at 10 and
15 mg alternately every day. During the treatment of ruxolitinib,
there was Grade 3 leukopenia and Grade 4 thrombocytopenia.
Later, the patient developed a huge spleen, which was considered
to be related to the insufficient dose of ruxolitinib. In short, the
patient cannot tolerate the therapeutic dose of ruxolitinib and is
preparing for allo-HSCT (Figure 1B).
DISCUSSION

So far, 68 cases of PCM1-JAK2 fusion have been reported in
hematological malignancies, most commonly in myelodysplastic
syndrome (MDS)/MPN and MPN. The median age is 50 years
(12–86 years), the male to female ratio is 3.17:1, 83.61% of patients
have varying degrees of eosinophilia, and 50% of patients have
myelofibrosis (Table 1 and Figure 2). Thirteen patients were
treated with ruxolitinib ± HSCT, of which 11 were myeloid
neoplasms and two were lymphatic neoplasms. Twelve were
responsive to ruxolitinib, and one was of uncertain efficacy;
however, the duration of response varied widely (Table 2). The
2021 National Comprehensive Cancer Network (NCCN)
guidelines for MLN-Eo with PCM1-JAK2 fusion recommend
that clinical trial is the preferred treatment option for patients
with chronic phase disease, and patients with chronic phase
disease can be treated with tyrosine kinase inhibitor (TKI)
monotherapy in the absence of a clinical trial. However, early
October 2021 | Volume 11 | Article 753842

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Sun et al. Ruxolitinib in MPN With PCM1-JAK2
referral to allo-HSCT should be considered for eligible patients,
since TKI therapy alone does not result in durable remissions. We
report two male cases diagnosed as MLN-Eo with PCM1-JAK2
fusion. Patient 1 was initially treated with ruxolitinib and HU to
obtain instant CHR but later experienced progressive increase of
white blood cells and eosinophils, which indicated treatment
failure. The effect was regained after the addition of Peg-IFN,
and PCM1-JAK2 fusion transcript decreased significantly,
suggesting that molecular response was obtained. As far as we
know, this is the first report of MLN-Eo and PCM1-JAK2 fusion
receiving ruxolitinib combined with Peg-IFN at home and abroad.
Unfortunately, limited by short follow-up time, we have not
observed patients obtained complete molecular response (CMR).
Patient 2 initially responded to treatment with ruxolitinib and HU,
but it was discontinued due to intolerant hematological toxicity.
Both cases indicated the effectiveness of ruxolitinib in MLN-Eo
with PCM1-JAK2 fusion, despite different durations of response
and toxicity, and both patients will undergo HSCT.

PCM1-JAK2 rearrangement has been reported in a variety of
hematological neoplasms (3–7), which indicates that the PCM1-
Frontiers in Oncology | www.frontiersin.org 3
JAK2 rearrangement lacks lineage specificity. Because of the
abnormality of the JAK2 signaling pathway in these diseases,
treatment with ruxolitinib may be effective. Previous documents
confirmed that ruxolitinib can inhibit the growth of PCM1-JAK2
transformed Ba/F3 mouse cells in vitro and the phosphorylation
of JAK-STAT5 pathway (18). Lierman (18) and colleagues
reported the first case of ruxolitinib in myeloproliferative
disease with PCM1-JAK2 rearrangement. A 72-year-old male
diagnosed with chronic eosinophilic leukemia (CEL) of PCM1-
JAK2 rearrangement received ruxolitinib alone 10–20 mg twice
daily, achieved complete cytogenetic response (CCyR) after 15
months, and was recurrence-free after 36 months (31).
Subsequently, Rumi et al. (21) reported a second similar case.
A 31-year-old woman was diagnosed with CEL with PCM1-
JAK2 rearrangement. She was treated with ruxolitinib 15 mg
twice, acquired complete clinical remission 1 year later, and
attained CCyR 46 months later, with a significant decrease in the
fusion transcript (31). These cases indicated that ruxolitinib is
valuable for MPN with PCM1-JAK2 rearrangement and could
induce long-term remission. Schwaab et al. (23) identically
A

B

FIGURE 1 | (A) The blood cell and PCM1-JAK2 fusion transcript changes in patient 1 over the course of the disease. (B) The blood cell changes in patient 2 over
the course of the disease. WBC, white blood cells; HB, hemoglobin; PLT, platelet; Eo, eosinophils.
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confirmed that ruxolitinib was valuable in myeloid neoplasms
with PCM1-JAK2 fusion, but the patient relapsed after 24
months on ruxolitinib. Recently, Schwaab et al. (28) reported a
series of nine myeloid malignancy cases treated with ruxolitinib
alone as first-line treatment, including eight cases of PCM1-JCK2
rearrangement and one case of BCR-JAK2 rearrangement. With
a median time of 4 months (range 2–18 months), five patients
achieved CHR. CCyR or CMR was observed in one patient. Their
data showed that all the patients did not have long-term
beneficial effects with ruxolitinib. In brief, the efficacy of
Frontiers in Oncology | www.frontiersin.org 4
ruxolitinib in MPN with PCM1-JAK2 fusion is inconsistent,
with some patients surviving for a long time after ruxolitinib
treatment and others relapsing early. There are also differences in
the efficacy of ruxolitinib in lymphoid neoplasms with abnormal
JAK2 pathway. Recent data (29) reported that an elderly woman
diagnosed with B-cell acute lymphoblastic leukemia (B-ALL)
with PCM1-JAK2 rearrangement failed to obtain complete
cytogenetic and molecular biological response after receiving
traditional chemotherapy and immunotherapy. Within 1 year
after ruxolitinib 10 mg bid treatment, the PCM1-JAK2 fusion
TABLE 1 | Hematological neoplasms with PCM1-JAK2 fusion from literature.

Authors Time Journals Number of cases

Reiter et al. (5) 2005 Cancer Research 7
Bousquet et al. (4) 2005 Oncogene 2
Murati et al. (3) 2005 Leukemia 4
Heiss et al. (14) 2005 Human Pathology 1
Adélaïde et al. (6) 2006 Leukemia 1
Huang et al. (15) 2008 International Journal of Hematology 1
Dargent et al. (16) 2011 European Journal of Haematology 1
Prochorec-Sobieszek et al. (17) 2012 Leukemia & Lymphoma 1
Lierman et al. (18) 2012 Blood 1
Masselli et al. (19) 2013 British Journal of Haematology 1
Patterer et al. (20) 2013 Annals of Hematology 6
Rumi et al. (21) 2013 Journal of Clinical Oncology 1
Saba et al. (22) 2013 Blood 1
Schwaab et al. (23) 2015 Annals of Hematology 1
Song et al. (24) 2016 Annals of Laboratory Medicine 1
Baer et al. (25) 2018 Haematologica 7
Lee et al. (26) 2018 Annals of Laboratory Medicine 1
Riedlinger et al. (7) 2019 JCO Precision Oncology 1
Salehi et al. (27) 2019 Leukemia & Lymphoma 1
Tang et al. (8) 2019 Modern Pathology 10
Schwaab et al. (28) 2020 American Journal of Hematology 8
Wouters et al. (29) 2021 British Journal of Haematology 1
Pozdnyakova et al. (30) 2021 American Journal of Clinical Pathology 9
October 2021 | Volume
FIGURE 2 | Distribution of PCM1-JAK2 fusion in hematological neoplasms in the literature. MPNs, myeloproliferative neoplasms; MDS/MPN, myelodysplastic
syndrome/myeloproliferative neoplasms; AML, acute myeloid leukemia; B-ALL, B-cell acute lymphoblastic leukemia; AEL, acute erythroid leukemia; APL, acute
promyelocytic leukemia; HL, Hodgkin lymphoma.
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transcript and abnormal metaphase were significantly reduced,
but none of them disappeared completely. Another young female
patient with relapsed and refractory B-ALL with RNPC3-JAK2
fusion did not respond to chemotherapy combined with
immunotherapy and ruxolitinib (32). Mayfield et al. (33)
documented that a 17-year-old B-ALL patient with JAK2
F694L mutation persisted with minimal residual disease
Frontiers in Oncology | www.frontiersin.org 5
(MRD) after standard chemotherapy, while the MRD turned
out to be negative after the integration of ruxolitinib 20 mg bid
for 2 weeks. The research of Ding (34) and his coworkers found
that high-dose ruxolitinib combined with multidrug
chemotherapy was safe and effective for children with BCR-
ABL1-like ALL, and whether the combination therapy is suitable
for MPN with PCM1-JAK2 fusion is worth exploring.
TABLE 2 | Clinical characteristics of hematological neoplasms patients with PCM1-JAK2 rearrangement treated with ruxolitinib in the literature.

Case
no.

Age Gender Diagnosis WBC
(×109/L)

Eo
(%)

Splenomegaly Bone marrow Karyotype Treatment Clinical course

A1 72 M CEL, NOS 49 46.9 NA Granulocytosis
and eosinophilia

t(8;9)(p22;p24) HU and
ruxolitinib

CCyR was obtained after 15 months
on ruxolitinib.

B2 50 M MPN 9.9 6 Yes Granulopoiesis,
left-shifted and
eosinophilia

t(8;9)(p22;p24) Ruxolitinib Alive 16 months after diagnosis.

C3 31 F CEL, NOS 21.6 16.2 Yes Granulopoiesis,
eosinophilia,
immature
erythroid cells,
and MF 1

t(8;9)(p22;p24) Imatinib, HU,
and ruxolitinib

No response to imatinib; then
complete clinical remission was
achieved after ruxolitinib.

D4 51 M MPN 12 NA Yes Granulopoiesis,
eosinophilia,
dysplastic
erythropoiesis,
and MF 2

t(8;9)(p22;p24) Ruxolitinib CCyR was obtained after 12 months
on ruxolitinib, but cytogenetic relapse
occurred after 24 months.

E5 40 M MPN 5.4 16 Yes Eosinophils,
immature
erythroid
precursors and
MF 1–2

t(8;9)(p22;p24) Ruxolitinib and
HSCT

No disease progression during the
follow-up period.

F6 76 M CML-like
MPN

28.7 5 No Eosinophilia,
left-shifted,
dysplastic, and
MF 2

t(8;9)(p22;p24) Ruxolitinib Disease progression after 1 month
on ruxolitinib.

F7 70 M aCML 29.8 1 Yes Eosinophilia,
left-shifted,
dysplastic and
MF 1

t(8;9)(p22;p24) Ruxolitinib CHR was obtained after 2 months
on ruxolitinib.

F8 49 M MDS/MPN 25.6 NA Yes Eosinophilia,
left-shifted,
dysplastic and
MF 2

t(8;9;9)(p22;p24;
p13)

Ruxolitinib and
HSCT

CHR was obtained after 2 months
on ruxolitinib, and the disease
progressed 36 months later,
followed by HSCT.

F9 29 M CML-like
MPN

21.7 11 Yes NA t(8;9)(p22;p24) Ruxolitinib and
HSCT

CHR was obtained after 2 months
on ruxolitinib, followed by HSCT.

F10 50 M MDS/MPN 12.7 13 Yes Eosinophilia,
left-shifted,
dysplastic, and
MF 2

t(8;9)(p22;p24) Ruxolitinib and
HSCT

CHR was obtained after 18 months
on ruxolitinib, and the disease
progressed 8 months later, followed
by HSCT.

F11 69 F AML-M4 10.5 1 No Blasts 20% and
MF 3

t(8;9)(p22;p24),+6,
+8,+22

Ruxolitinib and
azacitidine

The disease progressed after 2
months on ruxolitinib, CHR was
obtained after 3 months on
azacitidine, and the disease
progressed again after 9 months.

F12 63 M Pre-B-
ALL

55.2 NO No Sheets of blasts t(8;9)(p22;p24) Ruxolitinib and
HSCT

HSCT followed by ruxolitinib; then
disease progressed.

G13 77 F B-ALL 32.6 NO No 87% blasts t(8;9)(p22;p24)[1]/
46,sl,der(8;9)(q10;
q10),inc [5]/46,X,t
(X;4)(p1?1;q13)[4]/
46,XX[10]

Chemotherapy,
blinatumomab,
and ruxolitinib

PCM1-JAK2 fusion transcript was
23.28% after chemotherapy
combined with blinatumomab, which
decreased to 3.22% after the
addition of ruxolitinib.
Octobe
M, man; F, female; WBC, white blood cells; Eo, eosinophils; CEL, NOS, Chronic eosinophilic leukemia, not otherwise specified; CML, chronic myeloid leukemia; aCML, atypical chronic
myeloid leukemia; CCyR, complete cytogenetic remission; NA, not available. Case A: (Lierman et al.) (18). Case B: (Patterer et al.) (20). Case C: (Rumi et al.) (21). Case D: (Schwaab et al.)
(23). Case E: (Tang et al.) (8). Case F: (Schwaab et al.) (28). Case G: (Wouters et al.) (29).
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In summary, there have been considerable evidences that
ruxolitinib is effective in hematological malignancies with
abnormal JAK2 signaling pathways, although the efficacy is
highly heterogeneous. The heterogeneity may be partially
attributed to different somatic mutations or blastic crisis of
MPN (8).

No somatic mutations were detected in both of our patients. Due
to the rarity of hematological neoplasms with PCM1-JAK2
rearrangement, it is difficult to conduct large-scale clinical studies.
Thus, there are no large cohort data on themolecular characterization
of PCM1-JAK2-rearranged hematologic neoplasms. Baer et al. (25)
found that mutation rates were 14% (1/7) for hematologic neoplasms
with PCM1-JAK2 rearrangement, and the patient had TET2 somatic
mutations. We speculate that somatic mutations of epigenetic
regulators may be present in hematologic neoplasms with PCM1-
JAK2 fusion, so hypomethylating-agent-based programs may be
effective. Dargent et al. (16) described the diagnosis and treatment
of a patient with MDS/MPN with PCM1-JAK2 fusion. The initial
analysis of bone marrow karyotype was normal, but t(8;9) was
detected by fluorescence in situ hybridization analysis in peripheral
blood. The author suggested that t(8;9)(p22;p24) was not easy to
detect in the study of G-banding and was easy to be ignored,
especially in poor specimens. Tang (8) and his colleagues also
noted that because t(9p24.1;V) only involved small segments of the
9p chromosome, such rearrangements were cryptic and therefore
missed by routine chromosome analysis. These explain the reason for
the normal karyotype of patient 2.
CONCLUSION

MLN-Eo with PCM1-JAK2 rearrangement is rare and has a poor
prognosis. Existing data have shown that ruxolitinib is effective for
the disease, but allo-HSCT is still the only way to cure the disease.
Ruxolitinib can be used as a bridging treatment before allo-HSCT.
Here,we reported the efficacy and safety of ruxolitinib inMPNwith
PCM1-JAK2 rearrangement. For patients with low efficacy of
ruxolitinib monotherapy or rapid disease progression, the
treatment options to obtain cytogenetics or molecular response
prior to HSCT warrant further study. Ruxolitinib combined with
Peg-IFN could be one of the candidates.
Frontiers in Oncology | www.frontiersin.org 6
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