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Abstract
BACKGROUND
BCR-ABL-negative myeloproliferative neoplasms (MPNs) are clonal hematopoietic stem cell disorders characterized by the proliferation of one or more myeloid lineages and by mutually exclusive JAK2 V617F, CALR, and MPL[A1] mutations. The combination of MPN and thalassemia is extremely unusual. Several cases with myeloproliferative neoplasms and β-thalassemia have been reported. However, these have not been extensively reviewed. The present report describes two cases of myeloproliferative neoplasms complicated with β-thalassemia and reviews all similar cases reported in the literature.

CASE SUMMARY
We report two patients who were diagnosed with myeloproliferative neoplasms complicated with β-thalassemia. Both patients had abnormal increases in platelet counts. Based on bone marrow pathology and molecular biology assessment, we made the diagnosis of myeloproliferative neoplasms complicated with β-thalassemia. The female patient was given hydroxyurea and interferon, which enabled good control of her blood counts; the male patient was given ruxolitinib tablets, thalidomide tablets, and interferon to control the condition, but the patient poorly responded to drug treatment and died of gastrointestinal bleeding six months later.

CONCLUSION
Given the findings of our cases and the literature review, we hypothesize that myeloproliferative neoplasms complicated with β-thalassemia can lead to rapid disease progression and a poor prognosis.
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Core Tip: The present report describes two cases of Myeloproliferative Neoplasms complicated with β-thalassemia and reviews all similar cases reported in the literature, in terms of indications, diagnosis and treatment. The present two cases highlight the importance of accurate diagnosis of myeloproliferative neoplasms complicated with β-thalassemia. It also could increase awareness among hematologists about the two rare cases. Early identification and appropriate identification of the diagnosis are crucial to start appropriate therapy to improve patient survival.


INTRODUCTION
BCR-ABL-negative myeloproliferative neoplasms (MPNs) are a group of malignant myeloproliferative diseases originating from pluripotent hematopoietic stem cells that often manifest as an increase in blood cells in one or more myeloid cell lines. This group mainly includes essential thrombocythemia (ET), polycythemia vera (PV), and primary myelofibrosis (PMF)[1]. Thalassemia is one of the most common monogenic diseases worldwide, which includes alpha and β forms. There are very few case reports of myeloproliferative neoplasms complicated with β-thalassemia, and no cases have been reported from China. Here, we report 2 cases of myeloproliferative neoplasms complicated with β-thalassemia.

CASE PRESENTATION
Chief complaints
Case 1: A 33-year-old female patient was admitted to the hospital for thrombocytosis on January 7, 2020.
Case 2: A 61-year-old male patient complained of worsening cough for 1 mo and was admitted to the hospital on March 10, 2020.

History of present illness
Case 1: The patient complained of thrombocytosis with no symptoms. A routine blood test before admission revealed increased platelets during a routine health examination.
Case 2: The patient had a repeating cough with fever and sputum. In September 2019, routine blood tests showed white blood cells at 6.7 × 109/L, hemoglobin at 100 g/L, mean corpuscular volume (MCV) of 67.8 fl, mean corpuscular hemoglobin (MCH) of 21.5 pg, and platelets at 216 × 109/L, and an abdominal computed tomography showed splenomegaly. A PCR-based reverse dot blot (RDB) showed β-IVS-II-654-thalassemia (C→T). The patient was diagnosed with β-thalassemia.

History of past illness
Case 1: The patient had no other medical history.
Case 2: The patient had no other medical history.

Personal and family history
Case 1: The patient had a family history of β-thalassemia.
Case 2: The patient had no remarkable personal or family history.

Physical examination
Case 1: Initial medical examination showed a respiratory rate (RR) of 22 breaths/min, heart rate (HR) of 94 beats/min, temperature of 36.9°C, and blood pressure (BP) of 126/70 mmHg. Splenomegaly was found.
Case 2: Physical examination showed an RR of 19 breaths/min, HR of 87 beats/min, temperature of 38.3°C and BP of 112/64 mmHg. Splenomegaly was found.

Laboratory examinations
Case 1: Routine blood examination showed white blood cells at 10.9 × 109/L, Hb at 106 g/dL, MCV of 65.3 fl, MCH of 20.2 pg, and platelets at 1396 × 109/L. Total abdomen plain computerized tomography scanning indicated splenomegaly, and bone marrow aspiration showed platelets in clusters (Figure 1A). Bone marrow aspiration and biopsy were performed. Bone marrow pathological sections showed proliferation of abnormal megakaryocytes (Figure 1B). The karyotype showed 46 normal chromosomes, including XX chromosomes, in 20 cells (Figure 1C). There was no BCR-ABL fusion (P190/210/230) detected. JAK2 V617F, CALR and MPL exon 10 mutations were not found upon further molecular testing. The gene mutation in the peripheral blood sample showed that the genotype was the heterozygous mutation of β-IVS-II-654 (Figure 1D).
Case 2: Routine blood tests showed white blood cells at 34.7 × 109/L, hemoglobin at 92 g/L, MCV of 71 fl, MCH of 21.9 pg, and platelets at 18 × 109/L. Bone marrow aspiration showed teardrop-shaped, oval, long red blood cells and active hyperplasia of bone marrow granulocytes; erythroblastic cells were hypoplastic, and there was a normal number of megakaryocytes but a decreased platelet production (Figure 2A). PCR-based RDB [A1] showed β-IVS-Ⅱ-654-thalassemia (Figure 2B). Karyotypic analysis detected 46 chromosomes, including XY, t(11;18)(q13;p11.2), and ins(17;17)(q21;q25q12)[20] (Figure 2C); JAK2V617F mutation, MLL exon 10 mutation, and BCR-ABL1 fusion (P190/210/230) were not found upon molecular testing. A mutation was detected in CALR exon 9 (Figure 2D); abdominal B-ultrasound showed hepatomegaly and splenomegaly. Bone marrow pathological sections showed BM reticulin with megakaryocyte hyperplasia and dysplasia (Figure 2E).

Imaging examinations
No imaging examinations.

FINAL DIAGNOSIS
The final diagnosis of case 1 was essential thrombocytosis complicated with β-thalassemia. The final diagnosis of case 2 was primary myelofibrosis complicated with β-thalassemia.

TREATMENT
Case 1: Administration of hydroxyurea and recombinant human interferon α2b injection (hydroxyurea at 1000 mg once daily and interferon α2b at 500 IU three times a week) was initiated.
Case 2: Administration of ruxolitinib, thalidomide tablets, and recombinant human interferon α2b injection (ruxolitinib at 10 mg once daily, thalidomide at 100 mg once daily and interferon α2b at 500 IU three times a week) was initiated.

OUTCOME AND FOLLOW-UP
Case 1: The blood platelets had decreased to a normal level at the follow-up.
Case 2: The patient responded to drug treatment poorly and finally died of gastrointestinal bleeding six months later due to platelet deficiency.

DISCUSSION
Thalassemia is a typical single-gene genetic disease that causes globin production disorders due to mutations or deletions in globin genes and can generally be divided into two categories (alpha- and β-thalassemia). The high incidence areas are in the Mediterranean Basin, the Middle East, Southeast Asia and Africa. The southern regions of China, including Guangdong and Guangxi, Guizhou, Yunnan, Hainan, Sichuan and other provinces, are areas with a high incidence of thalassemia. β-Thalassemia is a genetic disease caused by insufficient or absent β globin chain synthesis due to mutations in the β-globin gene[2]. The mutation type with the highest mutation frequency of the β-thalassemia gene is the IVS-Ⅱ-654 heterozygous mutation in Guangdong, Fujian, and Jiangsu Provinces[3]. Related studies have shown that gene abnormalities are closely related to the occurrence, development, diagnosis and prognosis of MPNs. Among BCR-ABL-negative MPNs, the JAK2, MPL and CALR genes have been found to be closely related to the occurrence, development and outcome of MPN. The activation of the JAK-STAT kinase pathway may be the central link in the pathogenesis of MPN[4]. The main mechanism of MPN is that mutated genes disrupt the normal JAK-STAT signaling pathway, modulate the transcription process and cause excessive accumulation of oncoproteins[5]. JAK2V617F can be expressed in patients with PV, ET and PMF. According to statistical data, the JAK2V617F mutation can be found in 95% of PV patients and 55% to 60% of ET and PMF patients[6]. CALR mutations mainly exist in MPNs, which are characteristic mutations of MPN[7]. Studies have shown that CALR mutations can be detected in 60%-80% of JAK2-negative and MPL-negative MPN patients[8-10]. In terms of the cumulative incidence of thrombosis and the incidence of major cardiovascular events, ET patients with CALR gene mutations have a lower incidence than those with JAK2 gene mutations, while the incidence of secondary myelofibrotic transformation is relatively high. Patients with a mutated CALR have a lower risk of thrombosis and longer overall survival than patients with mutated JAK2[11]. Gene mutations can occur at any stage of ontogeny or at any stage of the somatic or reproductive cell cycle. If a genetic mutation occurs in a somatic cell, the mutation can only be transmitted within the somatic cell, and therefore the somatic mutation cannot be directly inherited by the next generation. Germ cells have a higher mutation rate than somatic cells and can be directly inherited by the next generation. Thalassemia is a germline mutation that can be inherited by the next generation, while MPN-related gene mutations are somatic mutations. MPNs are genetically complex and heterogeneous diseases in which the acquisition of somatic driver mutations triggers three main myeloid cytokine receptors and phenotypically manifest as ET, PV and PMF. The course of the disease may be influenced by the sequence of germline susceptibility, modification mutations, acquisition, and environmental factors (such as aging and inflammation). Myeloproliferative neoplasms are derived from single somatic mutant hematopoietic stem cells. In addition to somatic mutations, germline variants can regulate the development of MPNs, which is conducive to the acquisition of somatic mutations and affects the clinical course of the disease[12]. In addition, it is thought that MPNs are driven by somatic mutations. Germline variants can influence the risk of leukemic transformation in MPN. It has been shown that germline factors play an important role in MPN pathogenesis[13]. Case 1 had a triple-negative MPN. The mutations carried by triple-negative patients are not yet known, have yet to be determined and elucidated, or are affected by other factors affecting their HSCs and progenitor cells. In some of these patients, the mutated clone might have been too small to be detected with the current approaches. In fact, somatic cell driver mutations may be a later event in the disease process, and other factors, such as chronic inflammation, may make the patient’s cells prone to transform into a MPN[14-16]. Case 2 had primary myelofibrosis and was positive for a CALR mutation. One research study suggested that CALR-positive myeloproliferative neoplasms have a more benign clinical course than the corresponding disorders associated with JAK2 or MPL mutations[11]. However, this patient had a complex abnormality karyotype, which resulted in a rapid disease progression and an extremely poor prognosis.
The diagnosis of MPN in a patient with β-thalassemia is clinically challenging because of some overlapping clinical features between MPN and β-thalassemia, such as splenomegaly, secondary leukocytosis and thrombocytosis. Splenomegaly is not a definite clinical characteristic of thalasemia minor. The combination of these studies showed that the spleen is enlarged in β-thalassemia minor but usually not to such a degree to be palpable[17]. The final diagnosis of Case 1 and Case 2 was β-thalassemia minor,and enlarged spleen was palpable in the two cases. Thus, we speculated that MPN might result in splenomegaly in the two cases. Only eight cases, including ours[18-20], have been reported thus far in the literature (Table 1). Among these, our cases are the first to establish the diagnosis of PMF by documentation of the CALR mutation and the first to establish the diagnosis of triple-negative MPN complicated with β-thalassemia. A timely diagnosis of an MPN patient with β-thalassemia is important so that the MPN may be managed appropriately.
At present, there are only a few reports and studies on myeloproliferative neoplasms combined with thalassemia. Among the 6 previously reported cases of BCR/ABL-negative chronic myeloproliferative neoplasms with thalassemia, 5 were β-thalassemia[18-22], and the other was a male patient from southern China who was screened for thalassemia after his wife had been diagnosed as an alpha thalassemia carrier during prenatal check-up. The patient was asymptomatic, but prominent splenomegaly 8 cm below the left costal margin was detected on physical examination. A peripheral blood smear demonstrated a myelocyte, a nucleated red blood cell, and many hypochromic microcytic red blood cells with some teardrop forms, and a bone marrow biopsy showed irregular deposition of trabecular bone, stromal fibrosis, dilated sinusoids with intravascular hematopoiesis, and clusters of pleomorphic megakaryocytes. Karyotypic analysis showed the balanced translocation t(3;12)(p21;q13). The partial sequencing electropherogram showed a type 1 (52-bp) deletion in exon 9 of CALR. In further molecular testing, no JAK2 V617F mutation, MPL exon 10 mutation, or BCR-ABL fusion gene was found, and therefore this patient was diagnosed with primary myelofibrosis and osteosclerosis[23]. In 2009, Taher et al[24] studied DNA from 20 patients with β-thalassemia for the JAK2 V617F mutation using the RG-PCR method. None of the patients were positive for this particular mutation. The gene type in alpha-thalassemia is primarily --(SEA)/alpha, and the gene type in β-thalassemia is primarily IVS-654.
Table 1 Clinical and laboratory summary of the reported cases of coexistent β-thalassemia and myeloproliferative neoplasms.

CONCLUSION
We report two cases of myeloproliferative neoplasms complicated with β-thalassemia. We hope to increase awareness among hematologists about these rare two cases. In conclusion, the etiology of chronic myeloproliferative neoplasms combined with IVS-II-654 heterozygous β-thalassemia is still unclear, and further research is needed to determine the pathogenesis.
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Figure Legends
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Figure 1 Histopathological changes, Karyotype and polymerase chain reaction and reverse dot blot observed in this case. A: Hematoxylin and eosin staining; 100× bone marrow smear showing platelets in clusters; B: Hematoxylin and eosin staining of the trephine biopsy section (100×, 200×). The ratio of bone marrow hematopoietic tissue to fat cells was 80%:20%, and the granulocyte-to-erythrocyte ratio was approximately 1-2:1; granulocyte hyperplasia (+), erythroid hyperplasia (++), 25-30 megakaryocytes in each high-power field, a local clustering trend, pleomorphism, and reticular fibers (+) were all observed. Pathological diagnosis: right posterior superior spine bone marrow biopsy demonstrated chronic myeloproliferative neoplasms, characterized by megakaryocyte hyperplasia; C: Karyotype showing 46 chromosomes, [A1] including XX chromosomes (20 cells examined); D: PCR-based reverse dot blot showing β-IVS-Ⅱ-654-thalassemia.


[image: ]
Figure 2 Bone marrow smear, biopsy section, Karyotype, Partial sequencing electropherogram and polymerase chain reaction and reverse dot blot observed in this case. A: Hematoxylin and eosin staining (1000×, 100×) of the bone marrow aspirate showed teardrop-shaped, oval, long red blood cells, active hyperplasia of bone marrow granulocytes, erythroblastic cells that were hypoplastic, and a normal number of megakaryocytes with a decreased platelet production; B: PCR-based reverse dot blot showing β-IVS-II-654-thalassemia; C: Karyotype: 46 chromosomes, including XY, t(11; 18)(q13; p11.2), and ins(17; 17)(q21; q25q12)[20]; D: Partial sequencing electropherogram showing a type 1 (49-bp) deletion in exon 9 of CALR (194-242, GAG……. TGT); E: Hematoxylin and eosin staining (100×, 200×) showing BM reticulin (+++) with megakaryocyte hyperplasia and dysplasia.



Table 1 Clinical and laboratory summary of the reported cases of coexistent β-thalassemia and myeloproliferative neoplasms
	Patient characteristics
	Case 1
	Case 2
	Lopes da Silva et al[21]
	So et al[23]
	Ifran et al[19]
	Thomas[18]
	Castro[20]
	Martinez-Lopez et al[22]

	Age/Sex
	33/F
	61/M
	75/F
	29/M
	68/F
	71/F
	48/F
	19/F

	Thalassemic disorder
	β-thalassemia minor
	β-thalassemia minor
	β-thalassemia minor
	α- thalassemia
	β-thalassemia minor
	β-thalassemia minor
	Sickle cell β-thalassemia minor
	Delta-β-thalassemia minor

	MPN subtypes
	Essential thrombocythemia
	Primary myelofibrosis
	Polycythemia vera
	Primary myelofibrosis
	Polycythemia vera
	Polycythemia vera
	Polycythemia vera
	Polycythemia vera

	Splenomegaly
	Yes
	Yes
	No
	Yes
	Yes
	Yes
	No
	Yes

	Erythrocyte count
	5.26 × 1012/L
	4.21 × 1012/L
	 9.0 × 1012/L
	NR
	9.3 × 1012/L
	7.4 × 1012/L
	8 × 1012/L
	NR

	Total blood hemoglobin
	106 g/L
	92 g/L
	154 g/L
	103 g/L
	155 g/L
	156 g/L
	144 g/L
	142 g/L

	White cell count
	10.9 × 109/L
	34.7 × 109/L
	13.5 × 109/L
	Normal
	18.5 × 109/L
	14 × 109/L
	8 × 109/L
	22.5 × 109/L

	Platelet count
	1396× 109/L
	18 × 109/L
	500 × 109/L
	Normal
	NR
	486 × 109/L
	1233 × 109/L
	193 × 109/L

	MPN gene mutation
	Negative
	Type 1 (49-bp) deletion in exon 9 of CALR
	JAK2 V617F
	Type 1 (52-bp) deletion in exon 9 of CALR
	Not assessed
	Not assessed
	Not assessed
	JAK2 V617F

	Karyotype
	46, XX
	46, XY, t(11;18)(q13;p11.2), ins(17;17)(q21;q25q12)
	NR
	46, XY, t(3;12)(p21;q13)
	Not assessed
	Not assessed
	Not assessed
	46, XX

	Marrow biopsy
	Proliferation of giant megakaryocytes with hyperlobulated nuclei
	 Reticulin graded as 4+ myelofibrosis
	Panmyelosis
	Stromal fibrosis and clusters of pleomorphic megakaryocytes
	Not assessed
	Not assessed
	Increased megakaryocytes plus fibrosis
	Prominent conspicuous megakaryocyte proliferation in clusters and minimal reticulin fibrosis

	Treatment
	Hydroxyurea and interferon
	Interferon→ruxolitinib
	Hydroxyurea
	NR
	Phlebotomy
	Phlebotomy
	Busulfan→Phlebotomy→Mustard
	Hydroxyurea and interferon→ruxolitinib


MPN: Myeloproliferative neoplasm; NR: Not reported.
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