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Abstract

Introduction Polycythemia vera (PV) is one of the most

common forms of myeloproliferative neoplasms. Acute

myeloid leukemia secondary to PV is well reported, and

the mechanism has been clarified to some extent. Only a

limited number of cases have been reported about the

development of acute lymphoblastic leukemia (ALL) in the

course of PV, and the possible underlying mechanism has

not been explored well.

Case presentation A 75-year-old patient who developed

ALL 3 years after he was diagnosed with PV. The presence

of remarkable splenomegaly, typical immunophenotyping

of the peripheral blood and increased expression of serum

fibrosis markers indicated the existence of extramedullary

hematopoiesis which may ascribe to myelofibrosis. After

the treatment of dosage-modulated chemotherapy, the

patient got complete remission.

Conclusion The JAK2 mutation may the underlying

factor that contributes to the development of ALL, and the

existence of MF may indicate the progression to post-

polycythemic MF, which may be a risk factor for the

accelerated transformation.

Keywords Polycythemia vera � Acute lymphocytic

leukemia � JAK2 V617F mutation � Post-polycythemic MF

Background

Polycythemia vera (PV) is one of the most common

myeloproliferative neoplasms; it is typically characterized

by excessive proliferation of erythroid cells, and some-

times, increase in the granulocyte and platelet counts.

Pruritus, hypertension, hemorrhage and thrombosis are

common complications. The JAK2 V617F mutation is

found in 95 % of PV cases, and has been the main indi-

cation for the diagnosis of PV [1]. Acute myeloid leukemia

(AML) secondary to PV is observed in 10 % of PV patients

who undergo hydroxyurea treatment, usually within

13 years of the treatment [2]. The risk of AML transfor-

mation and the molecular pathogenesis have been explored

to some extent [3]. On the other hand, development of

acute lymphoblastic leukemia (ALL) after the diagnosis of

PV is rare. As far as we know, only eight cases of ALL

accompanying PV have been reported [4], and there is no

consensus on the underlying cause or mechanism. Here, we

report a case of PV wherein the patient developed ALL

3 years later.

Case Presentation

A 75-year-old man was admitted to the hospital in April

2012 for edema in both lower limbs for 15 days. No

splenomegaly was observed, and the routine blood test

showed that the white blood cell (WBC) count was

10.3 9 109/L; red blood cell (RBC) count, 9.04 9 1012/L;

hemoglobin (Hb), 182 g/L; mean cell volume (MCV),

69.1 fl; hematocrit (HCT), 62.5 %; and platelets (PLT),

11 9 109/L. The serum iron concentration was 5.1 lmol/L

(normal range 9.0–32 lmol/L) and ferritin concentration

was 50.8 ng/mL (normal range 7.0–323 ng/mL). Finally,
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examination of the bone marrow smear and detection of the

JAK2 V617F mutation led to the diagnosis of PV.

Hydroxyurea was administered at a dose of

500–1000 mg/day. Hydroxyurea treatment at this dosage

was continued for 3 years, and peripheral RBC separation

was performed twice, in 2013 and in 2014.

On 6 February 2015, the patient presented with disten-

tion in the left lower abdomen, accompanied by fatigue and

night sweats but no pain. A routine blood test showed the

WBC count to be 15.91 9 109/L; RBC count, 7.63 9 1012/

L; Hb, 191 g/L; MCV, 84.7 fl; HCT, 64.6 %; and PLT,

50 9 109/L. However, the patient was not admitted, and he

was not administered any treatment. One month later, he

presented to the hospital again with aggravate symptoms

mentioned above. The routine blood test showed that the

WBC count was 23.2 9 109/L; Hb, 134 g/L; and PLT,

11 9 109/L. Examination of the bone marrow smear

showed the presence of 78.5 % primary cells, with sup-

pressed proliferation of granulocyte and RBCs.

Myeloperoxidase (MPO), cholesterol esterase (CE) and

naphthol butyrate esterase (NBE) were negative expression

(B5 %), and extracellular iron was absent.

Fig. 1 Immunophenotyping of

the marrow by flow cytometry

when onset of acute

lymphoblastic leukemia.

Showed that 38 % of the cells

were abnormal, and mainly

expressed HLA-DR, CD10,

CD19, CD20, CD22, CD34,

CD38, cCD79a and TdT
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Immunophenotyping of the marrow using flow cytometry

(FCM) showed that 38 % of the cells were abnormal, and

mainly expressed HLA-DR, CD10, CD19, CD20, CD22,

CD34, CD38, cCD79a and TdT (see Fig. 1). ALL was

considered as a possible diagnosis, based on which 10 mg

dexamethasone (DXM) per day was administered for

5 days.

Ten days later, the patient visited our hospital with

remarkable splenomegaly, and the routine blood test

showed the WBC count to be 5.9 9 109/L; RBC,

4.56 9 1012/L; Hb, 115 g/L; MCV, 76 fl; HCT, 34.5 %;

and PLT, 9 9 109/L. Peripheral blood analysis showed the

presence of 5 % irregularly shaped lymphocytes, 7 %

neutrophilic myelocytes, 9 % neutral rod-shaped nuclear

cells, 56 % segmented neutrocyte, 17 % lymphocytes, 6 %

mononuclear leucocytes and 7 % immature RBCs. The

serum lactic dehydrogenase level was 466 U/L (normal

range 109–245 U/L). Abdominal ultrasound examination

showed that the spleen was expanded, with uniform

echogenicity and a diameter of about 7.0 cm. Abdominal

CT showed a low-density shadow-shaped wedge that

appeared patchy in the periphery of the spleen, which was

assumed to be a splenic infarction (see Fig. 2). Reexami-

nation of the bone marrow showed hypoplasia with 11 %

lymphoblasts, characterized by a circular nucleus, loose

meticulous chromatin, one to three nucleoli and a small

amount of light blue cytoplasm (see Fig. 3). Further, the

expression of peroxidase staining (POX) was negative

(expression rate was 5 %). The karyotype of the patient

was normal (46, XY [12]), and the presence of the JAK2

V617F mutation was confirmed. Further, SIL-TAL1, E2A-

HLF, TEL-AML1, MLL-AF4, E2A-PBX1, HOX11,

HOX11L2, CAML-AF10 and BCR-ABL were negative

expression. Immunophenotyping of the peripheral blood

using FCM revealed the presence of two groups of

abnormal cells: P1 cells, 4.2 %; P2 cells, 2.5 %. The P1
cells mainly expressed CD33 (37.2 %), HLA-DR (70.9 %),

CD117 (82.3 %), CD34 (73.6 %), CD38 (93.8 %), and

CD11b (39.7 %), while the P2 cells mainly expressed

CD19 (47.8 %), HLA-DR (50.8 %), CD34 (36.1 %), CD20

(47.3 %), CD22 (69.7 %), CD10 (71.2 %) and CD38

(61.6 %) (see Fig. 4). cCD79a and TdT expression was not

detected. The patient had a history of hypertension for

2 years, with the diastolic pressure being 180/130 mmHg.

Moreover, the patient had chronic hepatitis B viral hepatitis

for 40 years and was positive for the surface antigen, core

antibody and e antibody.

On 24 March 2015, the patient was administered

dosage-modulated VDCP chemotherapy, which included

vindesine 4 mg qW 9 3 weeks and DXM 10 mg

qd 9 14 days at gradually decreasing doses, pharmoru-

bicin 30 mg and cyclophosphamide 400 mg on day ?14.

Lumber puncture and intrathecal chemotherapy were done

before and after the chemotherapy, and the examination of

cerebrospinal fluid was normal. One and a half months

later, the routine blood test showed a WBC count of

16.8 9 109/L; Hb, 112 g/L; and PLT, 359 9 109/L.

Fig. 2 Abdominal computed tomography scan. Showed a low-

density shadow-shaped wedge that appeared patchy in the periphery

of the spleen (marked with black arrow), which was assumed to be a

splenic infarction

Fig. 3 Morphological feature of bone marrow when onset of ALL.

After Wright-Giemsa staining, slides were observed under a light

microscope and photographed under 10 9 40 resolution (10 9 100

resolution under oil microscopy). Showed hypoplasia with 11 %

lymphoblasts, characterized by a circular nucleus, loose meticulous

chromatin, one to three nucleoli and a small amount of light blue

cytoplasm (color figure online)
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Peripheral blood analysis showed that it was composed of

1 % neutrophilic myelocytes, 6 % neutral rod-shaped

nuclear cells, 63 % segmented neutrocyte, 15 % lympho-

cytes, 13 % mononuclear leucocytes, 2 % acidophilic cells

and 7 % immature RBCs. The presence of the JAK2V617F

mutation was confirmed again, and the serum LDH level

was determined to be 484 U/L (normal range 109–245 U/

L). Analysis of the bone marrow smear revealed excessive

proliferation of erythroid cells (48.5 %), primitive and

immature lymphocyte percentage of 3 %, and 37

megakaryocytes in a single smear (see Fig. 5). Bone mar-

row biopsy did not indicate myelofibrosis (MF), while the

serum fibrosis marker levels were as follows: laminin,

108 lg/L (normal value\135 lg/L); collagen IV, 97.8 lg/
L (normal range 54.77–84.77 lg/L); hyaluronic acid,

158 ng/mL (normal range 20–110 ng/L); procollagen III,

128 lg/L (normal range 20–120 lg/L). The patient is now

undergoing the second round of chemotherapy with

dosage-modulated VDCLP (VDCP and L-asaraginase).

Discussion and Conclusion

The mechanism of ALL development after the develop-

ment of PV is not clear. Previous reports indicate that

during the progression of PV, 38–56 % of patients may

develop karyotype abnormalities [5]. It is believed that

genetic alterations may be one of the initial factors causing

leukemic transformation. The typical course of transfor-

mation was reported in a case in which the patient pro-

gressed from PV to chronic myelocytic leukemia (CML)

and then ALL within a period of 11 years [6]. Another

view is that the patient may have a group of primitive

pluripotent stem cells, which may be the co-precursor cells

of PV and ALL, and different clonal dominance may be

manifested in different stages [7]. One study also suggested

that PV and ALL originate from two completely different

clones, based on cytogenetic analysis [8].

Although the JAK2 V617F mutation was determined to

be the underlying cause of myeloproliferative neoplasms

Fig. 4 Immunophenotyping of

the peripheral blood by flow

cytometry. Revealed the

presence of two groups of

abnormal cells: P1 cells, 4.2 %;

P2 cells, 2.5 %. The P1 cells

mainly expressed CD33, HLA-

DR, CD117, CD34, CD38 and

CD11b. While the P2 cells

mainly expressed CD19, HLA-

DR, CD34, CD20, CD22, CD10

and CD38
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(MPNs) in 2008 [9], it was not clear whether the mutation

had been previously present in all the eight MPN-ALL

cases. It is clear that the JAK2 V617F mutation presents

not only in most MPN cases, but also some cases of AML,

CML and myelodysplastic syndrome [10–12]; moreover, it

has also been detected in patients with chronic lymphocytic

leukemia (CLL). So far, 30 CLL patients have been

reported to have the JAK2 V617F mutation, two of whom

show no evidence of MPN [13]. Additional animal exper-

imentation has also confirmed the crucial effect of the

JAK2 gene in the development of B cell lymphoma/leu-

kemia [14]. Moreover, JAK2 V617F-positive MPN can

also be accompanied by B cell lymphoma and plasmacytic

malignancy [15, 16]. Besides, PV can also occur after the

treatment of primary lymphatic diseases. It has been

reported that a patient developed JAK2 V617F-positive PV

after the treatment of primary diffuse large B cell lym-

phoma [17]. Further, two patients were diagnosed with

primary ALL at the age of 2 and 4 years, and developed

PV after they were treated for ALL for 7 and 6 years

respectively [18, 19]. The median age of PV onset is about

60 years, and it is\20 years in only\0.1 % of the cases

[20]. In the case of children, we cannot exclude the pos-

sibility that ALL and PV may develop from the same

clone. All the studies so far have confirmed the relationship

between PV and lymphatic diseases, and the role of the

JAK2 V617F mutation, which leads to numerical and

structural abnormalities of the JAK2 gene [21]. However,

the mechanism underlying the effect of this mutation still

needs to be studied in detail.

In our case, the patient developed ALL 3 years after he

was diagnosed with PV, which is much shorter than the

period reported previously (5–25 years) [4]. In the case of

our patient, the detection of the JAK2 V617F mutation

before and after the development of ALL, and the marrow

presentation after the first round of chemotherapy proves

the co-existence of PV and ALL. The possibility of dis-

appearance of the JAK2 V617F mutation in AML sec-

ondary to MPN has been reported [22], but it is not clear

whether the previously reported eight MPN-ALL cases

were accompanied with PV after the development of ALL.

In our case of ALL secondary to PV, the patient had nor-

mal B cells, and progressive enlargement of the spleen was

observed before ALL was confirmed. Based on the

peripheral cell compositions and the FCM results, the

existence of extramedullary hematopoiesis can be con-

firmed in the present case. MF is the main cause of

extramedullary hematopoiesis; it may also be the natural

course of PV, and is also called post-polycythemic MF

(post-PV PMF). So far, two cases of ALL after the

development of post-PV PMF have been reported [23, 24].

In one case, the patient had PV for 17 years before MF was

diagnosed, and developed ALL a year after MF. In the

other case, PV was accompanied by MF, and the patient

developed ALL 3 years later. The risk of leukemia trans-

formation is the highest in cases of MPN accompanied by

PMF, and the incidence may reach 21 % in high-risk PMF

patients [25], with a median progression time of 31 months

[26]. MF in the course of PV may be a risk factor for the

development of ALL. In our case, the biopsy was not

performed at the time of onset of ALL, and pathological

examination after the chemotherapy showed the absence of

MF. In general, the extent of splenomegaly is in accor-

dance with the extensive degree of MF, and microscopic

observation did not reveal any positive relationship of the

splenomegaly with MF. MF may be focal or unevenly

distributed [27]. We further detected the level of serum

markers that are indicative of MF: elevated expression of

collagen IV, hyaluronic acid and procollagen III were

revealed. Based on these findings, post-PV PMF cannot be

excluded in our case.

In conclusion, we report a rare case of ALL secondary to

PV. The JAK2 V617F mutation may the underlying factor

that contributes to the development of ALL, but the

mechanism is still unclear. The existence of extramedullary

hematopoiesis and elevated expression of markers of serum

MF may indicate the progression to post-PV PMF, which

may be a risk factor for the accelerated transformation of

PV to ALL.

Compliance with Ethical Standards

Conflict of interest None.

Fig. 5 Morphological feature of bone marrow after first round of

chemotherapy. After Wright-Giemsa staining, slides were observed

under a light microscope and photographed under 10 9 40 resolution

(10 9 100 resolution under oil microscopy). Revealed excessive

proliferation of erythroid cells and existence of primitive and

immature lymphocyte
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