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Abstract \\
Introduction: Myeloid neoplasms with platelet-derived growth factor receptor B (PDGFRB) rearrangement usually present with |
eosinophilia in the peripheral blood and bone marrow. Here we report a case of systemic mastocytosis related myeloid neoplasms
with basophilia and PRKG2-PDGFRB fusion gene.

Patient’s concerns: A 53-year-old male patient felt fatigue with thrombocythemia and normal hemoglobin over 2years.
Considering the possibility of primary thrombocytosis, the patient was treated with hydroxyurea and interferon. Then the therapy was
stopped due to adverse events and worsen condition.

Diagnosis: Acute myelogenous leukemia (AML) diagnosis was confirmed by bone marrow morphology and flow cytometry.
PDGFRB rearrangement was detected by fluorescence in situ hybridization (FISH) test, with chromosome karyotype 46,XY,t(4:5)
(021:933). PRKG2-PDGFRB fusion was observed by next generation sequencing (NGS) and verified by RT-PCR followed by Sanger
sequencing. The results of bone marrow aspiration, bone marrow biopsy, and immunophenotyping showed systemic mastocytosis-
related myeloid tumor with basophilia.

Interventions: Imatinib 400 mg/d was given on the day of admission. Azacitidine 75 mg/m? was given for induction therapy for 10
days, and followed by one course of DHAG consolidating therapy. Imatinib was taken orally continuously.

Outcomes: On the 8th day of treatment, the patient’s diet and fatigue improved. The hematological and bone marrow
morphological remission was achieved on the 25th day. Cytogenetic complete remission was achieved 3 months later and continued
to present (December 20, 2020). PRKG2-PDGFRB fusion gene turned negative 7 months later from diagnosis.

Lessons: Patients with increased basophilic granulocyte and/or mast cells in peripheral blood and/or bone marrow should be
screened for PDGFRB abnormality and myeloid or lymphatic tumor. Patients bearing PDGFRB abnormality have a good response to
imatinib.

Abbreviations: ALL = acute lymphocytic leukemia, AML = acute myelogenous leukemia, CEL = chronic eosinophilic leukemia,
CML = chronic myeloid leukemia, CMML = chronic myelomonocytic leukemia, FGFR1 = fibroblast growth factor receptor 1, FISH =
fluorescence in situ hybridization, MPD = myeloproliferative disease, MRD = minimal residual disease, PDGFRA = platelet-derived
growth factor receptor a, PDGFRB = platelet-derived growth factor receptor .
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1. Introduction

Myeloid and lymphatic tumors, which are accompanied by
eosinophilia and rearrangement of platelet-derived growth factor
receptor a (PDGFRA), platelet-derived growth factor receptor 3
(PDGFRB), and fibroblast growth factor receptor 1 (FGFR1), are
classified as an independent disease type in 2008 World Health
Organization classification of hemolymph tumors. PDGFRB is a
kind of tyrosine kinase receptor which is located at 5q32 of
chromosome 5. When activated, it could regulate the down-
stream signal pathways including PI3K-AKL-MTOR and RAS-
RAF-MAPK and participate in life activities such as embryonic
development, angiogenesis, and proliferation, differentiation,
and migration of cells.

Abnormality of PDGFRB gene is associated with chronic
myeloid leukemia (CML), acute myelogenous leukemia (AML),
chronic myelomonocytic leukemia (CMML), acute lymphocytic
leukemia (ALL), chronic eosinophilic leukemia (CEL), myelo-
proliferative disease (MPD), and other diseases. At least 30 genes
are reported to fusion with PDGFRB gene.!"! Following further
learning of this kind of tumor and the application of next
sequencing technology, more fusion partner genes of PDGRFB
gene are found, and different fusion gene types may have different
clinical manifestations.

2. Case report

The patient is a 53-year-old man. Prior written and informed
consent was obtained from the patient and the study was
approved by the Ethics Committee of Chinese People’s Liberation
Army General Hospital. In July 2017, the blood platelet count
was 395 x 10°/L when he underwent left parotid gland Warthin
operation. The white blood cells (WBC) was 7.35 x 10°/L and
hemoglobin was 139g/L at that time. While the ratios of
eosinophils and basophil were 0.037 and 0.008, respectively. On
April 27, 2018, the patient showed fatigue and discomfort of
precordial area. The blood routine examination showed WBC
7.5 x 10°/L, hemoglobin 141 g/L, and blood platelet count 376 x
10°/L. The proportion of leukocyte in each system was normal
and there was no abnormality in echocardiography and
electrocardiograph.
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On October 15, 2018, the patient’s blood routine examination
showed blood platelet count 552 x 10°/L when diagnosis of
appendicitis. Bone marrow biopsy showed erythroid and
granulocytic proliferation in hematopoietic tissue and the ratio
between erythroid cells and granulocytic cells was normal. A few
of granulocyte precursor cells were observed. And neutrophilic
metamyelocytes, metamyelocytes, and cells in following stages
were observed dispersedly or in piles. Whereas erythroid cells
were mainly observed in intermediate and late stages, separately
distributed or in piles. These cells in primordial and early stage
were few observed. Four to 6 megakaryocytes, most of which
were hypersegmented neutrocytes, could be found in per vision of
high-power lens. Lymphocytes and plasma cells were found
without fibrosis. All these were the characteristics of myelopro-
liferative changes, not the typical characteristics of primary
thrombocytosis. JAK2/V617F, CSF3R, MPL, and CALR muta-
tions were detected negative. The cytogenetic analysis results
were: 46, XY, t(4:5)(q21;q33)[7]/46, XY[13]. No treatment was
followed.

Then, fatigue continued to worsen. Since December 2018,
antinuclear antibodies (1:320 positive centromere) and anti-
centromere antibodies tests were positive in several testing. So
autoimmune related disease was considered and patient was
treated with hydroxychloroquine for 3 months. However, the
fatigue did not remit, and the therapy was stopped. At the end of
March 2019, the blood routine examination showed that blood
platelet count 1660 x 10°/L, WBC 13 x 10°/L, hemoglobin 137 g/
L, and basophilic granulocytes 0.65 x 10°/L. The patient refused
to take bone marrow aspiration. Considering the possibility of
primary thrombocytosis, the patient was treated with hydroxy-
urea and interferon. As a result, the blood platelet count declined
to 890 x 10°/L. However, interferon was discontinued due to
cutaneous pruritus and rash. The patient gradually appeared dull
complexion, aggravation of fatigue, fever, and difficultly in
walking.

The patient was admitted to our hospital 3 days later after bone
marrow fluorescence in situ hybridization (FISH) test on
December 16, 2019. PDGFRB gene rearrangement with a
positive rate of 87% was discovered in the test (Fig. 1). Routine
blood examination showed: WBC 25.48 x 10°/L, hemoglobin

A

Figure 1. Fluorescence in situ hybridization (FISH) test. Red and green signals were labeled on the 5'-end and 3'-end of PDGFRB gene, respectively. (A) The normal
cells showed yellow signals or red and green signals in close tandem, (B) while the pathological cells showed separated red and green signals. PDGFRB = platelet-

derived growth factor receptor B.
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Figure 2. Representative G-banded karyotype showing 47,XY,+4,i(4)(p10),t(4;5)(021;033).

66g/L, blood platelet count 303 x 10°/L, ratio of lymphoblast
and prolymphocyte 45%, and peripheral blood basophils 2 x
10%/L. Abdominal ultrasound showed an enlarged spleen, about
17.1cm long and 5.6 cm thick. The ECOG score was 4. On that
very day, the patient was treated with imatinib 0.4g/d. Acute
myeloid leukemia was diagnosed by bone marrow morphology
and immune typing later. Azacitidine (75 mg/m?) was added to
the therapy.

The results of bone marrow aspiration showed that bone
marrow hyperplasia was extremely active, account for about
20% of the original cells. In addition, about 45.2% of the cells
were medium-sized, round, or fusiform. The cytoplasm was filled
with thick black purple granules, most of which looked like mast
cells, and a few of which looked like basophils. There were 1322
megakaryocytes in the whole smear, with various types visible.
Blood platelets were visible in piles. Blood tablet was account for
34.0% of the original cells, and basophilic cells were increased.
Based on these results, the patient was considered as acute
myelogenous leukemia with increased basophilic cells and mast
cells. Whereas bone marrow biopsy showed hyperactivity of bone
marrow hyperplasia with an increased proportion of mast cells
scattered or clustered (>15 mast cells/aggregation sites).
Immunohistochemical test showed: CD34+ partial, CD117+,
CD2-, CD25+, CD56+ individually. Thus, systemic mast cell
hyperplasia with associated hematopoietic tumor was consid-
ered. Immunophenotyping showed that the proportion of
myeloid primitive cells and mast cells increased, which accounted
for 18.53% of nuclear cells. These cells expressed CD25 and
showed abnormal phenotype. Beside, basophils were observed
saliently. The karyotype was: 46,XY,t(4;5)(q21;q933)[51/47,XY,
+4,i(4)(p10)(45)(q21;933)[15] (Fig. 2). PRKG2-PDGFRB fu-
sion was found positive with an abundance of 95.7% according

to the next generation sequencing (NGS) data, and confirmed by
RT-PCR followed by Sanger sequencing (Fig. 3). In addition,
RUNX1 mutation was also observed by NGS. Therefore, the
patient was diagnosed as systemic mastocytosis-related myeloid
tumor with basophilia and PDGFRB abnormalities.

On the 8th day of treatment, the patient’s diet and fatigue
improved. Azacitidine was continuously used for 10days. The
hematological and bone marrow morphological remission was
achieved on the 25th day. Then a course of DHAG consolidating
therapy was conducted, and imatinib was taken orally continu-
ously. Cytogenetic complete remission was achieved 3 months
later and continued to present (December 20, 2020). The disease
free survival was 12months. PRKG2-PDGFRB fusion gene
turned negative 7 months later from diagnosis (Fig. 4). Antinu-
clear antibody (1:320 positive for centromeric type) and anti-
centromeric antibody tests were positive and no autoimmune
disease-related treatment was given during this period.

3. Discussion

Myeloid tumors with PDGFRB rearrangement are usually
characterized by eosinophilia in the peripheral blood and bone
marrow. Patient presented mild thrombocythemia in the first 1
year, which was the chronic phase of the disease. The onset is
insidious. After a significant increase in platelets, the basophil
ratio in peripheral blood elevated. However, basophilia may also
occur on patients with myeloproliferative diseases, which leads to
misdiagnosis. Therefore, 2 years had passed for this patient from
the clinical symptoms to the confirmed diagnosis. During this
period, myeloid leukemia progressed from atypical thrombocy-
themia to myelodysplastic syndrome/myeloproliferative disease
and then to acute myelogenous leukemia. PRKG2-PDGFRB
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Figure 3. Sanger sequence of PRKG2-PDGFRB fusion. The arrow shows the breakpoint and left part is partial of PRKG2 gene. PDGFRB = platelet-derived growth

factor receptor B.

fusion gene formed by t(4;5) translocation may played an crucial
role. This is the first case that the fusion was confirmed
simultaneously by NGS, FISH, cytogenetic analysis, and Sanger
sequence. In addition, in total of 6 cases have been reported with
PRKG2-PDGEFRB fusion or t(4;5) translocation.”””! Among all
the 7 cases, 5 patients were reported to be with peripheral blood
basophil proliferation, 4 patients with systemic mast cell
hyperplasia, and 6 with mast cell hyperplasia (Table 1). We
inferred that patients with PRKG2-PDGFRB fusion gene are
more likely to present peripheral blood basophil proliferation or
systemic mast cell hyperplasia. More cases are required to verify
this speculation.

Although reactive mast cell hyperplasia existed in myeloid and
lymphatic tumors such as acute myeloid leukemia, lymphocytic
lymphoma, and chronic lymphocytic lymphoma, it should be
distinguished from systemic mast cell hyperplasia. For systemic

mast cell hyperplasia, it is mainly diagnosed by bone marrow
biopsy for pathology, which is characterized by multifocal,
compactly, and clustered rather than dispersedly clonal prolifer-
ation of cells around the blood vessels and trabecular bone. In
addition, systemic mast cells also express CD25 and/or CD2,
beyond mast cell markers CD117 and trypsin. The rates of
KITD816V mutation are as high as 80% in patients with systemic
mastocytosis. However, it is not indispensable for diagnosis.'®!
In this report, the patient was observed with multiple, dense mast
cell infiltrates in the bone marrow, and >25% spindle or fusiform
mast cells were observed on bone marrow smear. In addition,
mast cells in bone marrow also expressed CD25 in this case. In
conclusion, this patient met 1 major diagnostic criterion and 2
minor diagnostic criteria for systemic mast cell hyperplasia.
Besides myeloid and lymphatic tumors bearing eosinophilia and
PDGFRB rearrangement, PDGFRB rearrangement also could

95.7%

T T T

2019.12.19 20200228

2020.04.08

T T T
2020.06.08 2020.07.10 202007 .31

Figure 4. Minimal residual disease (MRD) assessment.
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occur in a portion of Ph-like ALL patients.''% NGS technology
could identify the types of fusion gene and provides a reliable
basis for disease diagnosis and accurate treatment.

The prognostic significance of RUNX1 mutation in this patient
is unclear. Pardanani et al'"! summarized 580 cases with
systemic mast cell hyperplasia and suggested that mutations of
ASXL1, RUNX1, and NRAS were associated with poor
prognosis. However, mutations of RUNX1 always occur in
SM-AHN at a mutation rate of 6%. And its meaning depends on
the effect of RUNX1 in related clonal hematological diseases.
Baer et al''*) summarized the results of 61 patients with myeloid
and lymphatic tumors accompanying PDGFRA, PDGFRB,
FGFR1, or PCM1-JAK2 rearrangements. RUNX1 mutations
occurred in 5 patients, including 1 patient with PDGFRA
rearrangement and 4 patients with FGFR1 rearrangement, which
suggested that RUNX1 mutations were associated with poor
prognosis (myeloid/lymphoid neoplasms associated with eosino-
philia and rearrangement of PDGFRA, PDGFRB, FGFR1, or
PCM1-JAK2). However, RUNX1 mutation has not been
reported co-occurring with PRKG2-PDGFRB fusion,” ! leaving
its significance to be further studied.

The treatments of hematopoietic tumor associated with
systemic mast cell hyperplasia focus mainly on related hemato-
poietic system tumors. For myeloid tumor patients with PDGFRB
fusion gene, imatinib was associated with long lasting and long-
term remission. Chan et al®! reported that 26 patients with
myeloid tumor bearing PDGFRB fusion achieve durable long
term remissions with imatinib, with a 10-year overall survival of
90% and a 6-year PFS of 88%. The patient in this report was
weak, and was not suitable for routine chemotherapy. Chemo-
free imatinib + azacytidine were chose and followed by 1 course
of consolidating therapy based on AML protocol. This treatment
achieved great success. However, it was unclear when to stop the
drug. Sequential allogeneic hematopoietic stem cell transplants
may follow, once minimal residual disease (MRD) levels
increased.

Moreover, the patient was positive at a low titer of anti-
centromere antibody test and there was no significant change
after the systematic treatment. It may due to that anti-centromere
antibody is not unique to autoimmune diseases. It could occur in
some normal people.3! Till now, there are no reports of AML
patients with positive of anti-centromere antibody. Therefore, no
continued treatment for autoimmune disease was arranged for
the patient. A close follow-up continued.

4. Conclusion

Imatinib is an effective therapy for patients with PDGFRB
abnormality. Patients with increased basophilic granulocyte and/
or mast cells in peripheral blood or bone marrow should be
screened for PDGFRA/PDGFRB abnormality and myeloid or

Medicine

lymphatic tumor. NGS technology could identify the specific and
unknown fusion genes and provides a reliable basis for disease
diagnosis and accurate treatment.
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